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PREFACE   TO   THE   TENTH   EDITION. 


This  Book  is  written  with  the  object  of  supplying  the  student  with 
directions  for  the  microscopic  examination  of  the  tissues.  At  the  same 
time  it  is  intended  to  serve  as  an  Elementary  Text-book  of  Histology ; 
comprising  the  essential  facts  of  the  science,  but  omitting  less  important 
details.  More  complete  descriptions  will  be  found  in  the  Text-hook  oj 
Microscopic  Anatomy,  and  in  the  Newrology  of  Quain's  Anatomy  by  the  same 
author. 

For  conveniently  accompanying  the  work  of  a  class  of  medical 
students,  the  book  is  divided  into  fifty  lessons.  Each  of  these  may 
be  supposed  to  occupy  from  one  to  three  hours,  according  to  the  relative 
extent  to  which  the  preparations  are  made  beforehand  by  the  teacher, 
or  during  the  lesson  by  the  students.  A  few'  of  the  preparations 
cannot  well  be  made  in  a  class,  but  it  has  been  thought  inadvisable 
to  injure  the  completeness  of  the  work  by  omitting  mention  of  them. 

Only  those  methods  are  recommended  upon  which  experience  has 
proved  that  dependence  can  be  placed,  but  the  directions  given  are  for 
the  most  part  easily  capable  of  modification  in  accordance  with  the  ideas 
or  experience  of  difierent  teachers. 

The  present  edition  is  somewhat  larger  than  the  last.  It  has  been 
completely  revised,  and  many  additional  illustrations  have  been  added ; 
most  of  these  are  photographs  of  microscopic  preparations. 
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THE  ESSENTIALS  OF  HISTOLOGY 

INTRODUCTOEY 

.  ENUMERATION   OF  THE  TISSUES  AND   GENERAL 
STRUCTURE  OF  ANIMAL  CELLS 

Animal  Histology  ^  is  the  science  which  treats  of  the  minute  structure  of 
the  tissues  and  organs  of  the  animal  body ;  it  is  studied  with  the  aid  of  the 
microscope,  and  is  therefore  also  termed  Alicroscopic  Anatomy. 

Every  part  or  organ  of,  the  body,  when  separated  into  minute  fragments, 
or  when  examined  in  thin  sections,  is  found  to  consist  of  certain  textures  or 
tissues,  which  differ  in  their  arrangement  in  diiFerent  organs,  but  each  of 
which  exhibits  characteristic  structural  features. 

The  following  is  a  list  of  the  principal  tissues  which  compose  tlie  body  : — 

1.  Epithelial. 

2.  Connective :  Areolar,  Fibrous,  Elastic,  Reticular,  Lymphoid,  Adipose, 
Cartilage,  Bone. 

3.  Muscular  :  Voluntary,  Involuntary,  smooth  or  plain,  Cardiac. 

4.  Nervous. 

Some  organs  are  formed  of  several  of  the  above  tissues,  others  contain 
only  one  or  two. 

It  is  convenient  to  include  such  fluids  as  the  Wood  and  lymph  amongst 
the  tissues,  because  they  are  studied  in  the  same  manner  and  contain  cellular 
elements  similar  to  those  met  with  in  some  of  the  other  tissues. 

All  the  tissues  are,  prior  to  differentiation,  masses  of  celJfi  (embryonic 
cells).  In  some  tissues  elements  become  developed  which  take '  the  form 
of  fibres.  Thus  the  epithelial  tissues  are  composed  throughout  life  entirely 
of  cells,  only  slightly  modified  in  structure,  and  the  nervous  and  muscular 
tissues  are  formed  of  cells  which  are  greatly  modified  to  form  the  char- 
acteristic fibres  of  those  tissues.  On  the  other  hand,  in  the  connective 
tissues  an  amorphous  material  becomes  formed  between  the  cells  which  is 
termed  intercellular  substance  or  ground  substance,  and  in  this  substance 
fibres  make  their  appearance,  sometimes,  as  in  the  fibrous  connective  tissues, 

'  From  fo-TtSs,  a  web  or  texture, 
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in  so  large  an  amount  as  to  occupy  the  whole  of  the  intercellular  sub- 
stance, and  greatly  to  preponderate  over  the  cells.  This  ground  substance, 
by  virtue  of  its  incorporating  a  certain  amount  of  inorganic  chlorides, 
has  the  property  of  becoming  stained  brown  or  black  by  nitrate  of  silver 
and  subsequent  exposure  to  light,  in  which  case  the  cells,  which  remain 
unstained,  look  like  white  spaces  (cell-spaces)  in  the  ground  substance. 
When  an  epithelial  tissue  is  similarly  treated,  the  narrow  interstices  between 
the  cells  are  also  stained,  from  which  it  is  concluded  that  a  similar  sub- 
stance exists  in  small  amount  between  the  cells  of  this  tissue.  It  has 
here  been  termed  cement-substance,  but  it  is  better  to  apply  to  it  the 
general  term  intercellular  substance. 

The  cells  of  a  tissue  are  not  always  separate  ixpva  one  another,  but  are 
in  many  cases  connected  by  bridges  of  the  cell-substance,  which  pass  across 
the  intercellular  spaces.     This  is  especially  the  case  with  the  cells  of  the 

A  B 


p-  ■ 
Fig.  1. — Diagrams  of  CELL-STEUCTtTRE. 

A,  diagram    of   a    cell    the    protoplasm    of    which    appears  structureless,   l)ut   is    occuoied  bv 

vacuoles  and  granules.  v^^   "i 

B,  diagram  of  a  cell  the  protoplasm  of  which  appears  reticulated. 

p,  protoplasm,  consisting  of  hyaloplasm  and  a  network  of  spongioplasm  ;  n,  nucleus  ;  n',  nucleolus. 

higher  plants,  but  it  has  also  been  found  to  occur  in  animal  tissues  as  in 
some  varieties  of  epithelium  and  in  cardiac  and  plain  muscular  tissue. 
Occasionally  the  connexion  of  the  cells  of  a  tissue  is  even  closer,  and  lines 
of  separation  between  them  are  faint  or  entirely  absent.  The  term  syncytium 
is  given  to  any  such  united  mass  of  cells. 

Cells.— A  cell  is  a  minute  portion  of  living  substance  {cytoplasm)  which 
is  sometimes  enclosed  by  a  cell-membrane  and  always  contains  a  specially 
differentiated  part  which  is  known  as  the  nucleus. 

The  cytoplasm  of  a  cell  (fig.  1,  p)  is  composed  of  protoplasm,  which  con- 
sists chemically  of  proteins  or  nucleoproteins,  with  which  lipoid  substances 
(such  as  lecithin,  a  combination  of  fatty  acid  with  glycerophosphoric  acid, 
and  cholesterol,  a  monatomic  alcohol)  having  many  of  the  physical  character! 
of  fats,  appear  always  to  be  associated.  The  protoplasm  tends  during  life  to 
exhibit  movements  which  are  apparently  spontaneous,  and  when  the  cell  is 
unenclosed  by  a  distinct  membrane,  a  change  in  the  shape,  or  even  in  the 
position  of  the  cell,   may  be  thereby  produced.     This  is  characteristically 
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shown  ill  the  luoxenieiits  of  the  iiiiicellulav  oigaiiisiu   known   as  the   anifrha 
(fig.    2);    heni-e    the    name    amuJtoid    moreiiicnJ,    h\    which    it    is    generally 


feS» 


Frii.  2.  —  SrocussTVE  eiiAxriES  ExmiirTEii  v,\  an  AMn?nA.     (Vevwoni.) 


Viii.  3. — Un'J'(juciied  ruoTdfjEArn  oe  livtno  eeimika'te  oe  tkitox,  siihwinc 
KETioui.AR  APPEARA.NfE  I  IE  THE  PROTOPLASM.     Magnified  1360  diameters. 

Tlie  photogi-aph  was  taken  in  monocyiromatic  lif^^ht  with  Zeiss'  -2  mm.  apocln'oniatic  olijectixe 
and  compensation  eye-piece.     The  po]ymor]tli  nnelens  also  exiiitjifs  a  reticnl.ir  strnetnre. 

designated.  '     The  protoplasm  often,  bnt  not  always,  contains  a  fine  sponge- 

'  The  araf.eljoid  phenomena  of  cells  will  he  studied  Inter  (in  the  colourless  corpuscles 
of  blood). 
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work,  which  takes  under  high  powers  of  the  microscope  the  appearance  of  a 
network  (see   diagram,   fig.   1   B,  and  figs.   3  and  4),  the  remainder  of  the 


Frii.    4. — A    LIVINfl   I.EIiCnCYTE  (white    IU.OOD  COKPUSCLE)  (IF  S.\T.AM<\NDKA    MAOtll.ATA, 
SHOWISd     T,ACE-I,1KE     RKTKTLAR     APPEARANCE     OF     ITS    PROTOPLASM.         Magnified 

1200  diameters.      .  Untouched  photograph. 

.An  erythroryte  (red  Itlood-ffirpuscle)  is  inc-liuied  in  the  photo^^r.iiili,     A  film  of  tlie  yn-otojila^mi  of  tlie 
leiK-oc\'te  extenfl.';  o\er  its  ni.irffin. 


^>t 


^^H 

f 

J. 

/  - 

■«*& 


Fic:.  .'i.-^TROPHOspoNcirji  (canal- 
isation) WITHIN  A  (J.VNCLION 
CELL.      (K.   Holmgren.) 


Fill.  0. — Epithelium -CELLS  ofsai^-vmander 
IjARVa,  stai.n'ed  intra  ritam  with  neu- 
tral RED,  SHOWIKi:   the  CELL-CRANULES. 

(Fisohel.)     Magnified  300  diameters. 


protoplasm  being  a  clear  substance  which  occupies  the  interstices  of  tlie 
spongework,  and  covers  the  surface  or  may  project  beyond  the  rest  of  the  cell. 
A  granular  appearance  is  often  produced  by  the  knots  in  the  spongework, 
which,  when  imperfectly  observed,  look  like  separate  granules.     The  material 
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which  forms  the  spongework  is  termed  spongioplasm ;  the  clearer  material 
which  occupies  its  meshes  is  hyaloplasm.  In  other  cases  cell-protoplasm 
resembles  an  emulsion  rather  than  a  spongework,  being  formed  of  a  clear 
fluid  (hyaloplasm),  containing  globules  of  a  more  highly  refracting  substance 
suspended  in  it.  These  conditions  of  protoplasm  are  analogous  to  the  gel 
and  sol  conditions  which  are  characteristic  of  colloid  solutions  (see  p.  7). 
The  protoplasm  of  some  cells  shows  a  differentiation  into  fibrils,  which  may 
be  unconnected  or  may  form  a  network  within  the  cell.  Certain  cells 
exhibit   a   fine    canalisation    of    their   protoplasm   (fig.   5) ;    according    to 


Via.  7.— Cells  fhom  this  testiClb  ojp  the  mouse  in  process  of  transfoumation 

INTO  SPERMATOZOA.      (Benda. ) 

The  "  mitochondria  "  are  darkly  stained  and  are  seen  in  the  successive  stages  (1  to  (?)  to  be  arranjjfing 
themselves  so  as  to  constitute  the  spiral  filament  of  the  spermatozoon  (A). 


Holmgren   the   canaliculi   are   occupied   by   branching  processes   of    other 
(nutrient)  cells,  which  form  what  he  has  termed  a  "  trophospongium.'' 

Besides  the  colloid  globules  above-mentioned,  which  can  only  be 
seen  with  the  ultramicroscope,  protoplasm  often  includes  actual  granules 
of  a  protein  nature  (fig.  6).  The  granules  are  of  several  kinds.  Those 
contained  in  some  cells  stain  only  with  alkaline  dyes  (basiphil),  those  in 
others  only  with  acid  dyes  {oxyphil),  whilst  some  cells  contain  granules 
staining  with  both  basic  and  acid  dyes  (amphophU),  and  others,  granules  stain- 
ing only  with  neutral  dyes  (neutrophil).  Certain  of  these  granules  have  been 
regarded  as  essential  constituents  of  the  protoplasm  (Altmann),  being  closely 
associated  with  what  is,  chemically,  the  most  active  part  of  the  cell,  the  part, 
namely,  in  the  neighbourhood  of  the  nucleus ;  indeed  they  appear  to  become 
formed  in  this  part  (if  not  actually  from  the  nucleus)  and  from  it  to  extend 
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throughout  the  cell.  When  fibrils  are  formed  in  the  protoplausrn,  they  are 
produced  from  the  granules  in  question,  to  which  the  name  mitochondria  was 
given  by  Benda  (fig.  7).  The  mitochondria  are  sometimes  collected  near  the 
nucleus  into  a  spherical  mass  which  stains  more  deeply  than  the  rest  oi 

the  cytoplasm  (fig.  8).  To  this  body  the  term 
paranucleus  has  been  applied.  In  many  cells 
other  materials  are  included  in  the  cytoplasm 
which  are  not  factors  in  its  constitution,  such 
as  pigment  granules,  fat  globules,  and  vacuoles 
containing  watery  fluid,  with  or  without 
glycogen  or  other  substances  in  solution. 
Materials  which  are  thus  included  in  the 
protoplasm  of  a  cell  are  either  stored  up  for 
the  nutrition  of  the  cell  itself,  or  are  converted 
into  substances  which  are  eventually  extruded 
from  the  cell  in  order  to  serve  some  purpose 
useful  to  the  whole  organism,  or  to  be  got  rid 
of  from  the  body.  The  term  paraplamn  is 
employed  to  denote  any  such  materials  within  a  cell.  Paraplasm  is 
often  present  in  suiEcient  quantity  to  reduce  the  cytoplasm  to  a 
relatively   small   amount,    the  bulk   of   the   cell   being   occupied   by  other 


Fig.  8. — Pancreas  cells  or 

l-BOG,  SHOWING  PARANU- 
CLEUS AND  CHONDROMITOME 
MBKILS  FORMED  I'KOM  MITO- 

CHONDBiA.     (Matthews. ) 


Fig.  9. — Photograph  of  leucocyte  of  triton,  fixed  whilst  in  amosboid  condi- 
tion BY  JET  OF  STEAM  DIRECTED  ON  TO  COVER-GLASS,  AND  SUBSEQUENTLY  STAINED 

WITH  HiBMATOXYLiN.     Magnified  1360  diameters.     Untouched  photograph. 
The  protoplasm  shows  an  internal  granular  and  reticular  endoplaam  and  a  clear  exoplasm. 

material,  as  when  starch  becomes  collected  within  vegetable  cells  or  fat 
within  the  cells  of  adipose  tissue.  It  is  frequently  the  case  that  the 
paraplasm  is  confined  mainly  to  the  middle  of  the  cell  in  the  neighbourhood 
of  the  nucleus,  an  external  zone  of  the  protoplasm  being  left  clear.  The  two 
portions  of  protoplasm  which  are  thus  imperfectly  difierentiated  from  one 
another  are  termed  respectively  the  endoplasm  and  the  exoplasm.  They  are 
exhibited  in  the  amoeba  (fig.  2),  and  in  the  white  blood-corpuscle  (fig.  9). 
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According  to  the  view  advocated  by  Butschli  the  apparent  reticulum  or 
spongioplasm  of  a  cell  is  the  optical  effect  of  a  soft  honeycomb  or  froth-like 
structure  ;  in  other  words,  the  meshes  of  the  reticulum  do  not  communicate 
with  one  another  as  in  a  sponge,  but  are  closed  cavities  as  in  a  honeycomb. 
Butschli  finds  indications  of  the  same  alveolar  structure  in  all  cells,  including 
nerve-fibres  and  muscle-fibres,  and  has  devised  experiments  with  drops  of  froth 
made  up  of  a  mixture  of  oil  and  alkaline  carbonate  or  sugar  solution,  which, 
when  examined  in  water  under  the  microscope,  imitate  veiy  closely  not 
only  the  struptural  appearance  (fig.  10)  but  even  the  so-called  spontaneous 
or  amoeboid  movements  of  actual  protoplasm.  It  may  be  stated,  however, 
that  although  it  is  a  matter  of  dimoulty  to  determine  whether  a  microscopic 
reticulum  is  a  spongework  or  a  honeycomb,  it  is  probable  that  neither 
structure  is  essential  to  living  substance,  foi'  the  outermost  layer  of  the  cell- 
protoplasm,  which  is  usually  the  most  active  in  exhibiting  movements,  often 
shows  no  indication  of  any  structure.  And  further,  it  has  been  shown  by 
Hardy  that  a  colloid  solution  such  as  that  which  exists  in  protoplasm  may, 
under  some  circumstances,  appear  homogeneous  and  under  others  may 
separate  out  into  two   parts,   one  more  solid  the ,  other  more  fluid,   and  after 


Fig.  10. — Comparison  of  protoplasm  with  oil  and  water  kmulsiok. 
( Verworn,  after  Butschli. ) 

A,  protoplasm  of  Thalassicola. 

B,  froth-like  appearance  of  a  mixture  of  oil  and  cane  sugar. 

such  separation  may  exhibit  either  a  granular,  a  reticular,  or  a  honeycomb 
structure,  according  to  circumstances  {gel  and  sol  conditions  of  Giaham).  Nor 
is  a  "froth"  necessary  for  the  imitation  of  amoeboid  movements,  for  similar 
movements,  due  to  changes  in  surface  tension,  are  exhibited  by  a  simple  oil 
drop  or  a  drop  of  oil-clad  albumen  when  brought  in  contact  with  solution 
of  soap  or  of  an  alkali  (Berthold,  Quincke).  Indeed,  drops  of  any  fluid  aie 
subject  to  changes  of  surface  tension  when  exposed  to  varying  external  influences, 
and  such  changes  are  invariably  accompanied  by  alterations  in  form  of  the  drop. 
It  follows  from  such  observations  that  the  amoeboid  movement  of  cells  which 
used  to  be  regarded  as  especially  significant  of  the  presence  of  life,  is  capable  of 
being  explained  by  well-known  physical  laws,  and  it  is,  therefore,  superfluous  to 
assume  the  possession  of  a  special  form  of  energy  ("  vital  force ")  to  explain  the 
occurrence  of  this  phenomenon. 

There  are  grounds  for  believing  that  a  very  fine  pellicle  covers  the  exteiior 
of  the  protoplasm  of  all  free  cells,  and  that  this  pellicle  is  composed  of  a 
material  which,  although  not  soluble  in  water,  is  permeable  to  watery  fluids, 
and  may  also  allow  the  passage  of  solids  without  rupture.  Such  a  material 
might  be  furnished  by  the  lipoids  (Overton),  which  are,  as  we  have  seen, 
constant  constituents  of  cell-protoplasm.  It  must,  however,  be  stated  that, 
although  probable,  it  has  not  been  proved  that  these  substances  are  especially 
collected  at  the  surface  of  protoplasm.  It  must  further  be  borne  in  mind  that 
either  a  sponge-like  or  honeycomb  structure  would  have  the  effect  of  producing 
a  large  number  of  "  internal  surfaces  "  within  protoplasm,  at  all  of  which  changes 
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of  surface  tension  and  adsorption  are  liable  to  occur.^  The  essentially  fluid  nature 
of  cytoplasm  during  life  is  proved  by  the  dancing  (Brownian)  movement  of  its 
granules  ;  this  movement,  which  is  of  a  physical  nature,  only  occurs  in  fluids. 

Properties  of  living  matter. — Living  cells  exhibit  (1)  irritability  or  the 
property  of  responding  to  stimuli  ;  (2)  metabolic  or  chemical  changes  which 
result  in  assimilation  or  the  taking  in  of  nutrient  matter  and  converting  it  into 
living  substance  (anabolism),  and  disassimilation,  the  property  of  breaking  down 
such  substance  (katabolism) ;  (3)  reproduction  resulting  in  the  multiplication 
of  individuals.  Of  these  properties  (2)  and  (3)  are  governed  by  the  nucleus,  and 
(3)  is  usually  initiated  by  the  centrosome  (see  below).  The  irritability  of  the 
cell  depends,  however,  mainly  upon  the  cytoplasm.  It  is  in  consequence  of 
this  property  that  protoplasm  reacts,  sometimes  by  contraction,  sometimes 
by  relaxation,  to  mechanical,  chemical,  thermal,  and  electrical  stimuli,  and  in 
the  case  of  some  cells  {e.g.  the  pigment-cells  and  cones   of  the   retina)  to   the 

stimulus  of  light.  The  amceboid  movements  of 
cells  are  also  a  manifestation  of  irritability,  being 
produced  and  influenced  by  various  external  con- 
ditions and  stimuli.  Sometimes  the  result  of  a 
stimulus  is  to  cause  a  cell  or  organism  to  move 
towards  the  source  of  excitation  (attraction) ;  in 
other  cases  the  movement  is  in  the  reverse  direc- 
tion (repulsion).  The  terms  positive  and  negative 
chemotaxis,  phototaxis,  thermotaxis,  thigmotaxis 
and  the  like,  are  used  to  indicate  the  nature  of  the 
efiects  produced  by  various  forms  of  stimulation. 

Attraction-sphere    and    centrosome.  —  In 

some  cells,  as  already  indicated,  there  are  fine 
bub  distinct  strise  or  fibrils  {cytomitome)  run- 
ning in  definite  directions.  These  are  very 
commonly  met  with  in  fixed  cells,  such  as 
various  kinds  of  epithelium-cells,  nerve-cells, 
and  muscle-cells.  But  besides  these  permanent 
differentiations,  which  appear  to  be  related 
to  special  functions,  there  are  other  fibril-like 
structures  in  the  cell-protoplasm,  associated  with  what  is  known  as  the 
centrosome  (fig.  11).  This  consists  of  a  minute  particle  {attraction-particle, 
centriole),  usually  situated  near  the  nucleus,  and  staining  darkly  with 
iron-hsematoxylin,  surrounded  by  a  clear  area  (attraction-sphere),  and  from 
it  radiate  into  the  surrounding  protoplasm  a  number  of  fine  varicose 
lines  or  threads.  The  attraction-sphere,  with  its  central  particle,  was  first 
noticed  in  the  ovum  and  was  supposed  to  be  peculiar  to  the  egg  cell,  but  it 
has  now  been  recognised  in  very  many  kinds  of  cells,  and  is  of  nearly  universal 
occurrence  in  animal  cells.  The  centrosome  is  frequently  double,  the  twin- 
spheres  being  connected  by  a  spindle-shaped  system  of  delicate  fibrils  (achro- 
matic spindle) :  this  duplication  invariably  precedes  the  division  of  a  cell 
into  two. 

In  some  cells  the  centrioles  are  umltiple  ;  this  is  frequently  the  case  with 
leucocytes  and  always  with  the  giant-cells  of  bone-marrow  (fig.  13).     The  material 

1  For  a  discussion  of  the  physical  phenomena  associated  with  such  structure,  the 
student  is  referred  to  the  Principles  of  Genera/  Physiology,  by  Professor  W.  M.  Bayliss. 


Fig.  11. — AcELL  (white  elood- 
coepuscle)  showing  its  at- 
traction-sphbbe. 
(M.  Heidenhain.) 

In  this,  ag  in  most  cases,  the  attrac- 
tion -  sphere,  a,  lies  near  the 
nucleus,  71. 
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which  immediately  sui'iomids  the  ceuti'osome,  and  of  whieli  the  radiating  tibies 
and  the  tibi'es  of  the  spindle  ai-e  composed,  is  considered  by  some  to  be  distinct  in 
nature  from  the  general  protoplasm  :  it  has  been  tei-nied  archoplami-  The  centi'o- 
some  and  archoplasm  may  have  an  existence  independent  of  one  another  ;  e.g.  no 
centi'osume  has  been  found  in  the  cells  of  the  highei'  plants,  although  the  archo- 
plasmic  fibres  are  Aery  well  marked  in  them  during  cell-division. 


Fig.   12. — (Jells  \mth  ibregulak  lobkd  nuclei  i-kom  bo:ve-.maebo\v 
OF  B-iBBiT.     (M.  Heidenhain.) 
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Fif;.   13.— Mijr.Ti-.sroi.EATKii  (!Lvnt-cell  from  lv.mi'H  ulami  of  k.\p.i'.it. 
(M.  Heidenhain.) 


A  cell-membrane  is  rarely  distinct  in  animal  cell.s.  ^^'hen  present,  it  is 
usually  formed  by  transformation  of  the  external  layer  of  the  protoplasm  ; 
its  chemical  nature  lias  not  been  sufficiently  investigated.  Tn  plant-cells  a 
membrane  formed  of  cellulose  is  of  common  occurrence. 

The  nucleus  of  the  cell  is  a  spiherical,  ovoid,  elongated,  annuhir,  or 
irregularly    lobulated    vesicle   (figs.    1,    3,    5,    9,    11,    12),   embedded    in    the 
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protoplasm.  Cells  often  have  two  nuclei,  and  occasionally  several  (fig. 
13).  The  nucleus  is  bounded  by  a  so-called  membrane  which  encloses  a  clear 
substance  {nuclear  hyaloplasm,  karyoplasm)  (fig.  14) ;  the  whole  of  this 
substance  is  generally  pervaded  by  an  irregular  network  of  fibres,  some  coarser, 
others  finer  {nuclear  reticulum,  karyomitome)  (figs.   14,  15).     The  membrane 


Fig.  14. — Nucleus  of  an  epithelial 
cell     of     salamander    lakva. 


(M.  Heidenhain. 
diameters. 


Magnified  2300 


Fig.  15. — LYMPHOcrTE  of  tkiton, 

SHOWING  THE  KETICULAK 
STRUCTURE  OF  ITS,  NUCLEUS. 
Magnified  2000  diameters. 
Untouched  photograph. 

The  cell  was  fixed  by  steam,  and  after- 
wards stained  with  hEematoxylin. 


is  formed  by  karyomitome,  of  which  it  constitutes  the  outermost  layer. 
The  knots  of  the  nuclear  reticulum  are  sometimes  very  distinct,  and  they 
then  give  an  appearance  of  conspicuous  granules  within  the  nucleus 
{pseicdonuoleoli),  which  are  not  to  be  confounded  with  the  highly  refracting 
spherical  particle  known  as  the  nucleolus,  which  is  almost  always  present 
as  a  distinct  structure.     Sometimes  two  true  nucleoli  are  found  (fig.  14). 

Occasionally  the  nucleolus  has  a  vacuole-like 
globule  in  its  interior.  The  material  of  the 
nucleolus,  although  basiphil,  differs  in  its 
chemical  and  staining  reactions  from  the  nuclear 
reticulum.  During  cell-division  it  disappears. 
Whether  it  blends  with  the  karyomitome  fibres 
or  becomes  absorbed  and  removed  is  uncertain. 
The  nucleoli  may  sometimes  be  seen  to  be 
bodily  extruded  from  the  nucleus  into  the 
protoplasm.  The  nuclear  membrane  and  intra- 
nuclear fibres  stain  deeply  with  hematoxylin 
and  with  basic  dyes  generally;  this  property 
distinguishes  them  from  the  nuclear  matrix, 
and  they  are  accordingly  spoken  of  as  basi-chromatic — containing  basi- 
chromatin,  which  in  the  nucleus  appears  to  be  chemically  identical  with 
nuclein  (or  rather  with  the  constituent  of  nuclein  known  as  nucleic 
acid).  On  the  other  hand  the  nuclear  hyaloplasm  is  usually  oxychromatic. 
These  staining  properties  depend  upon  the  presence  of  minute  basiphil  or 
oxyphil  granules.  The  basiphil  granules  are  united,  by  a  non-staining 
material  termed  linin,  into  the  threads  or  fibres  which  compose  the  network. 


Fig.  16. — Gland-cell  of  ciii 
RONOMUS.     (Flemming.) 


STRUCTURE  OF   THE   CELL 
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Sometimes  instead  of  being  connected  to  form  a  network  the  intranuclear 
fibres  take  the  form  of  convoluted  filaments  {chromosomes),  having  a  skein- 


{^'- 
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Fig.    17. — Spbkmatocyte  of  Proteus,  showing  chromosomes  of  ^'^c^.Eus   formed 

OF   PARTICLES  UF  CHROMATIN  UNITED  BY  ACHR0M.A.TIC  FILAMENTS.      (F.  Hermann.) 

The  nucleolus  is  distinct  from  the  chromosomes.     In  the  cytoplasm  an  archoplasmic  mass 
containing  mitochondria  is  seen  on  the  right. 

like  arrangement  (fig.  16).  This  condition  is  always  found  when  a  nucleus 
is  about  to  divide,  but  it  may  also  occur  in  the  resting  state.  These  filaments 
may  sometimes  be  seen  with  high  magnification 
to  be  made  up  of  fine  juxtaposed  particles 
(chromomeres)  arranged  either  in  single  or 
double  rows  (figs.  17,  18).  The  nuclear  fibres 
are  sometimes  clumped  together  into  a  solid 
mass  which  comprehends  the  nucleolus  when 
this  is  present,  and  has  the  appearance  of  an 
enlarged  nucleolus.  The  fibres  within  the 
nucleus  have  been  observed  to  undergo  spon- 
taneous changes  of  form  and  arrangement,  but 
these  become  much  more  evident  during  cell 
division.  The  division  of  the  protoplasm  is 
always  preceded  by  that  of  the  nucleus,  and 
the  nuclear  fibres  undergo  a  series  of  remark- 
able transformations  which  are  known  collec- 
tively by  the  term  karyokinesis  (Schleicher) 
or  mitosis  (Flemming).  These  changes  may 
easily  be  studied  in  the  division  of  epithelium 

cells,  but  exactly  similar  phenomena  have  been      c,  centrosome  with  uniting  spindle. 
shown  to  occur  in  cells  belonging  to  other  tissues. 

The  simple  division  of  a  nucleus  by  a  process  of  fission  without 
karyokinetic  changes  is  termed  amitotic  division  (figs.  19,  20) ;  it  occurs  in 
comparatively  rare  instances,  and   is   often   not  followed  by  the  division 


Fig.  18.  —  Cell  showing 
chromosomes  of  nucleus 
in  the  form  of  threads 
composed  of  double 
rows  of  cukomomeees. 
(F.  Hermann.) 
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of  the  cell,  so  that  it  is  apt  to  result  in  the  formation  of  bi-nucleated 
and  multi-nucleated  cells,  as  in  the  superficial  layer  of  the  epithelium  of  the 
urinary  bladder  and  in  some  of  the  giant  cells  of  bone-marrow. 


The   nucleus    of    the   cell   is   not  only   concerned   with  its  division 


and 


Fic.   19.— Cell  m  dladokk  epitheucm,  sHo\\iyii  amitotic  division  or 
NrcLEUs,     (Neniileff. ) 

a,  cvtoplttsin  ;  h.  (laiighUT  miclfi  ;  c,  stvaiid  of  fibrils  UDitilis;  daii;;Iiter  iiiK-lei. 


l''li:.    '20. — A    T.EFCOCYTE    IJF    THITUN    AFl'AKENTLV    rNUERdOIXCI    AMITOTIC    IilVISION 

or  ITS  NUCLEI'S.     Magnified  1360  diameters.      Untuuched  pholugraph. 

Tin;  nurlei-iy  is  separated  into  two  nearly  equal  parts,  and  the  protoplasm  is  eolleeting  around 
them  and  heeomin^^  eonstrii-ted  in  the  intermediate  part  of  the  corpuscle.  The  corpuscle  was 
fixed  li.v  a  jet  of  steam  and  stained  with  ha^matoxylin. 

multiplication  in  the  manner  to  be  described,  but  takes  an  acti\e  part  in  the 
chemical  (metabolic)  processes  which  (iccur  in  the  protoplasm.  Hence  cells 
deprived  artificially  of  their  nuclei  do  not  assimilate  nourishment,  and  lose 
any  power  of  secretion  they  may  have  possessed,  although  the  protoplasm 
may  continue  for  a  time  to  live  and  exhibit  aiiueboid  movements. 


DIVISION  OF  CELLS 
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Division  of  cells. — The  division  of  a  cell  is  preceded  by  the  division 
of  its  attraction-sphere,  and  this  again  appears  to  determine  the  division  of 
the  nucleus.  The  latter,  in  dividing,  passes  through  a  series  of  remarkable 
changes,  which  may  be  briefly  summarised  as  they  occur  in  typical  animal 
cells  such  as  the  epithelium-cells  of  Salamandra,  as  follows : — 

1.  The  network  of  chromoplasm-filaments  of  the  resting  nucleus  becomes 
transformed  into  a  sort  of  skein,  formed  apparently  of  one  long  convoluted 


Fig.  21,- 


-Epithelium-cells  ov  salamander  larva  in  different  phases  of 

DIVISION   BY  KARYOKINBSIS   OR  MITOSIS.      (Flemming.) 


filament,  but  in  reality  consisting  of  a  number  of  filaments  (spirem) ;  the 
nuclear  membrane  and  the  nucleoli  disappear  or  are  merged  into  the  skein 
(fig.  21,  a  tod). 

2.  The  filament  breaks  into  a  number  of  separate  portions,  often 
V-shaped,  the  chromosomes.  The  number  of  chromosomes  varies  with  the 
species  of  animal  or  plant ;  in  some  animals  the  dividing  nuclei  may  contain 
at  this  stage  only  four  chromosomes  ;  in  man  there  are  generally  said  to  be 
twenty-four  in  the  ordinary  or  somatic  cells,  although  Winiwarter  gives 
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double  that  number ;  other  plants  and  animals  have  even  more  than  this. 
As  soon  as  the  chromosomes  become  distinct  they  are  arranged  radially 
around  the  equator  of  the  nucleus  like  a  star  {aster,  fig.  21,  e,f,  g)- 


r. 


11. 


III. 


IV. 


V.   ,-- 


VI. 


VII. 


VIII. 


Fio.  22. — Diagram  showing  the  changes  which  occur  in  the  centrosomes 

AND   NUCLEUS  01'  A  CELL  IN   THE   PROCESS  OF  MITOTIC   DIVISION. 
The  nucleus  is  supposed  to  have  four  chromosomes. 

3.  Each  of  the  chromosomes  splits  longitudinally  into  two,  so  that  they 
are  now  twice  as  numerous  as  before  (stage  of  cleavage,  fig.  21,  h,  i).  This 
longitudinal  cleavage  may  occur  at  an  earlier  stage. 


Fici.   23. — Karv(iktnesis  of  erythrocyte  of  laryal  lkpidosir]:n.     (T.  H.  Bryee.) 

1,  Cell  prior  to  di\'ision,  centrosome  sing-le,  nucleus  a  dense  network;  2,  oentrosonie  double, 
nucleus  a  close  spireni ;  3,  spirem  breaking-  up  into  chromosomes  ;  4,  division  spindle  forming, 
chromosomes  V-shaped ;  5.  V-shaped  chromosomes  collected  at  equator  of  spindle,  and 
undergoing;  long-itudinal  splitting- ;  6,  the  chromosomes  which  result  from  the  splitting-  ha^'e 
tieoome  thicker  and  shorter,  and  are  passing  towards  the  centrosomes  at  the  poles  of  the 
spindle  to  form  the  daughter  nuclei  ;  7,  8,  daughter  nuclei  formed  by  agglmneration  of 
chromosomes,  protoplasm  of  cell  dividing. 
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4.  The  fibres  separate  into  two  groups,  the  ends  being  for  a  time 
interlocked  (fig.  21,  j,  k). 

5.  The  two  groups  pass  to  the  opposite  poles  of  the  now  elongated  nucleus 
and  form  a  star-shaped  figure  at  either  pole  (diaster,  fig.  21,  I).  Each  of  the 
stars  represents  a  daughter  nucleus. 

6.  7,  8.  Each  star  of  the  diaster  goes  through  the  same  changes  as  the 
original  nircleus,  but  in  the  reverse  order— viz.,  a  skein,  at  first  more  open 
and  rosette-like  (fig.  21,  m),  then  a  closer  skein  (fig.  21,  n),  then  a  network 
(fig.  21,  o,  p,  q);  passing  finally  into  the  typical  reticular  condition  of  a 
resting  nucleus  (see  also  figs.  22,  23). 


FlO.    24.-:-DlAGBAM   OF  THK   CHANGES  SHOWN   IN   HETEROTYPICAL   MITOSIS,    EIGHT 
•        CHROMOSOMES   ONLY   BEING  REPRESENTED. 

Ink  and  B  they  are  arranged  in  pairs ;  in  C  they  are  united  to  four  loops,  which  are  separating  in  B. 
In  £  a  longitudinal  B{Mitting  of  each  chromosome  is  occurring.  Ft  daughter  nuclei  each  with 
eight  chromosomes. 

The  splitting  and  separation  of  the  chromosomes  is  often  spoken  of  as  the 
metaphase  (metakinesis) ;  the  stages  leading  up  to  this  being  termed  the  anaphase, 
and  those  which  lead  away  from  it  the  kataphase,  the  final  stage  being  spoken  of 
as  the  telophase. 

The  mode  of  division  of  the  nuclear  chromatin  above  described  is  known  as 
somatic  or  ordinary  mitosis,  to  distinguish  it  from  two  modes  of  division  which  are 
only  seen  normally  at  certain  stages  of  multiplication  of  the  generative  cells 
(gonads),  and  which  are  known  as  heterotypical  and  komotypical  mitosis  (figs.  24,  25). 
In  the  latter  the  chromosomes  do  not  undergo  the  usual  longitudinal  splitting,  but 
one  half  of  the  total  number  passes  into  each  daughter  nucleus,  so  that  the  number 
of  chromosomes  in  each  of  these  is  only  one  half  the  usual  somatic  number.  This 
is  termed  the  reduction-division.  Heterotypical  mitosis  (which  immediately 
precedes  the  homotypical)  is  characterised  by  a  peculiar  arrangement  of  the 
chromosomes,  which,  before  separating  to  pass  to  the  daughter  nuclei,  tend  to 
adhere  together  in  the  form  of  loops  or  rings,  or  in  the  case  of  short  straight 
chromosomes  into  small  quadrangular  masses  (tetrads)  (see  figs.  26,  27). 

It  is  further  noteworthy  that  the  generative  cells  which  undergo  the  reduction- 
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division  above  described  exhibit  either  immediately  (sperm-cells)  or  a  long  while 
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Fig.  25. — Diagram  of  the  changes  occurring  in  homotypical  mitosis. 

In  A  and  B  the  eight  chromosomes  are  united  into  pairs  ;  in  C,  />,  and  ^  they  are  shown  separating- 
from  one  another,  without  anj-  longitudinal  cleavage,  i^,  daughter  nuclei  each  with  only  four 
chromosomes. 
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Fig.  26. — Three  stages  of  HETEKOTyriciAL  mitosis  in  si'ekmatocyte  ui' 
TRITON.     (Moore.) 

a,  geminal  condition  of  chromosomes ;  h,  gemini  arranged  in  quadrate  loops  or  tetrads  ;  c,  separation 
of  tetrads  into  the  duplex  chromosomes  of  the  daughter  nuclei. 

(germ-cells)  before  the  final  divisions  a  remarkable  series  of  changes  in  their 
nuclear  chromatin  ;  the  chromosomes  first  becoming  distinct  in  place  of  forming  a 
network,  then  entangled  together  at  one  side  of  the  nucleus  (synaptic  condition), 
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and  tinally  again  becoming  distinct,  but  now  arranged  in  pairs  (gemini)  which  later 
take  various  forms,  such  as  double  rods,  loops,  or  rings  as  in  heterotypical  mitosis, 
but  without  necessarily  forthwith  proceeding  to  nuclear  division. 

The  protoplasm  of  the  cell  divides  soon  after  the  formation  of  the  diaster 
(fig.  21,  m).  During  division  fine  lines  are  seen  in  the  protoplasm  radiating 
from  the  centrosomes  at  the  poles  of  the  nucleus,  whilst  other  lines  form  a 
spindle  of  achromatir  fibre><  within  the  nucleus,  diverging  from  the  poles 
towards  the  equator  (figs.  22  to  25).  These  are  usually  less  easily  seen  than  the 
basichromatic  fibres  or  chromosomes,  but  are  not  less  important,  for  they  are 
derived  from  the  attraction-spheres.  The  latter,  with  their  centrosomes,  as 
we  have  seen,  always  initiate  the  division  of  the  cell ;  indeed  they  are  often 


****; 
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l'"i(4.   27. — Spek.matocytes  or    Myxine    sixowinc;    syxaptic    cojsiution   in   h  and    h, 

liEMINAL   CONDITION     IN    i:    AiNLl    d,    AND    FOKMATION    OF     TETRADS    AND    CHROMOSOME 

KiNcs  IN  e  AND./!     (Schreiner. ) 


found  divided  in  the  apparently  resting  nucleus,  the  two  particles  being 
united  by  a  small  system  of  fibres  forming  a  minute  spindle  at  one  side  of 
the  nucleus.  When  mitosis  is  about  to  take  place  this  spindle  enlar"-es, 
and  as  the  changes  in  the  chromatin  of  the  nucleus  which  have  been 
above  described  occur — -which  changes  involve  the  disappearance  of  the 
nuclear  membrane — the  spindle  gradually  passes  into  the  middle  of  the 
mitotic  nucleus,  with  the  two  poles  of  the  spindle  at  the  poles  of  the  nucleus 
and  with  the  fibres  of  the  spindle  therefore  completely  traversing  the 
nucleus  (figs.  22,  23).  The  spindle  fibres  appear  to  form  directing  lines, 
along  which  the  chromosomes  pass,  after  the  cleavage,  towards  the  nuclear 
poles  to  form  the  daughter  nuclei. 

In  some  cells,  especially  in  plants,  the  line  of  division  of   the  protoplasm 
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of  the  cell  becomes  marked  out  by  thickenings  upon  the  fibres  of  the  spindle 
■which  occur  just  in  the  plane  of  subsequent  division,  and  have  been  termed 


Fig.  28. — Spermatocyte  of  Salamandka 
showing  achromatic  fibres  of  spindle 
and  others  radiating  from  centro- 
soMES.     (Flemming. ) 

Pour  chromosomes  are  represented  at  the  equator 
of  the  spindle. 


Fig.  29. — Oell-plate  in  divid- 
ing SPORE-CELL  OF  LILY. 

(Ourwitsoh,  after  Zimmermann.) 


collectively  the  oell-plale  (fig.  29).     But  in  most  animal  cells  no  cell-plate 
is   formed,   the   protoplasm   simply   becoming    constricted    into   two   parts 


Fig.  30. — Dividing  cell 
constricted  to  form 
two  daughter  cells 
each  with  centro- 
SOME.     (Geberg.) 

The  particle  at  the  junction 
of  the  daughter  cells  repre- 
sents a  rudimentary  cell- 
plate. 


m?? 


Fig.  31. — Tripol.\r  mitosis  in 
echinoderm  ovum.  (e.  b. 
Wilson. ) 


midway  between  the  two  daughter  nuclei.     Each  daughter  cell  so  formed 
retains  one  of  the  two  attraction-particles  of  the  spindle  as  its  centrosome, 
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and,  when  the  daughter  cells  are  in  theii'  turn  again  about  to  divide,  this 
centrosome  divides  first  and  forms  a  new  spindle,  and  the  whole  process  goes 
on  as  before.  Rarely  the  division  of  a  nucleus  is  into  three  or  more  parts 
instead  of  two  (fig,  3 1 ),  In  such  cases  the  centrosome  becomes  correspond- 
ingly multiplied  and  the  achromatic  system  of  fibres  takes  a  more  complex 
form  than  the  simple  spindle. 

It  has  V)eeu  shown  liy  Leduc  that  the  appearance  uf  the  division  spindle  and 
the  changes  which  the  ehroniosoines  uiidei-gn  can  be  loughly  imitated  by  allowing 
solutions  of  an  electrolyte  of  ditferent  ccjncentration,  one  of  which  contains  carbon 
particles  in  suspension,  to  mix  gradually  (tig.  32).  Indeed  that  electrical  attraction 
and  repulsion  come  into  play  in  the  process  of  karyokinesis  is  more  than  probable 
(E.  S.  Lillie).  W,  B,  Hardy 'tinds  evidenee  in  the  re.sting  cell  also  of  the  existence 
of  op])osite  electric  chai-ges  in  the  proteins  of  the  cytopla.sni  (-l-)and  those  of  the 
nucleus  (  -  ). 

Division  of  the  ovum. — Usually  the  two  daughter  cells  are  of  equal  size  ; 


Ftc.  .32. — Imitation    of   ihvision   si'I>ole   prooucko   iukiso   the  jmixtno  or  ukops 
or   .V   Jj;ss  ('oNCEXTi;.\TKii   soijrTU>N    of  soihu.m  chloride  coxtainixc    p.vrticles 

OF    CHIX.V    INK    IN    SCSFliNSION      WITH     A    SOLUTION     OF    THE     SAME     SALT     OF    OREATER 

liENSiTV.     (Verworn,  after  Leduc.) 

but  there  is  a  notable  exception  in  the  case  of  the  ovum,  which,  prior  to  fertil- 
isation, divides  twice  (by  hetero-  and  homo-typical  mitosis  respectively)  into 
two  very  unequal  parts,  the  larger  of  which  retains  the  designation  oi  ovum, 
while  the  two  small  parts  which  become  detached  from  it  are  known  as  the 
polar  bodies  (fig.  29).  In  the  formation  of  the  second  polar  body  a  rrductioii- 
divixlon  occurs,  and  the  nucleus  of  the  ovum,  after  the  polar  bodies  are 
extruded,  contains  only  one  half  the  number  of  chromosomes  that  it  had  pre- 
viously; e.y.  twelve  in  place  of  the  normal  twenty-four  in  man  (.see  p.  13),  and 
two  instead  of  four  in  Asraris  mcijahici'plialu  (var.  bivalens),  (fig.  33  C).  Should 
fertilisation  supervene  the  chromosomes  wdiich  are  lacking  are  supplied  by 
the  male  element  (sperm-cell),  the  nucleus  of  which  has  also  undergone,  in  the 
final  cell-divisi(jn  by  which  it  was  produced,  the  process  of  reduction  in  the 
number  of  chromosomes  to  one  half  of  the  normal  number.  The  two  reduced 
nuclei — which  are  formed  respectively  from  the  remainder  of  the  nucleus  of 
the  oocyte  (ovum)  after  extrusion  of  the  polar  bodies,  and  from  the  head  of 
the  spermatozoon,  which  contains  the  nucleus  of  the  sperm-cell are  known 
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(within  the  ovum)  as  the  sperm-  and  germ-nuclei,  or  the  inale  ami  female  pro- 
nuclei.   In  fertilisation  tliese  blend  with  one  aViother,  and  the  ovum  then  again 


Fig.  33. — Formation  of  the  polar  glob- 
ules AND  REDUCTION  OJ  THE  NUMBER  OF 
CHROMOSOMES  IN  THE  OVUM  01?  ASCARIS 
MEGALOCEPHALA. 

A,  B,  ovum  showing  division  of  nucleus  to  form 
first  polar  globule  (Van  Gehuohten).  m  (in  A), 
(gelatinous  envelope  of  ovum  ;  w!  (in  B),  membrane 
clividing  the  polar  globule  from  the  ovum  ;  as  (in 
A),  he;^  of  spermatozoon. 

C,  formation  of  second  polar  globule  (Oarno.y)  ;  ffi, 
first  i  ^,  second  polar  globule  ;  »,  nucleus  of  ovum 
now  containing  only  two  chromosomes ;  ns,  nucleus        ^^ 
formed  from  hearl  of  spermatozoon. 


Fifi.  '6i. — Ovum  of  bat  with  polar  bodies  and  germ-  and  sperm- 
nuclei.     (Van  der  8trioht. ) 

The  development  of  the  sperra-nucleus  from  the  head  of  the  spermatozoon  is  very  evident  in  this  case, 
because  the  rest  of  the  spermatozoon  happens  not  to  have  been  thrown  off. 


contains  a  nucleus  with  the  number  of  chromosomes  normal  to  the  species. 
When  it  divides  each  daughter  cell  is  found  to  contain  the  normal  or  somatic 
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number  o£  chromosomes,  derived  from  the  splitting  of  both  male  and  female 
elements,  half  the  number  from  the  one,  and  half  from  the  other. 


Fifj.  35. — Fertilisation  and  first  division  of  ovum  of  Ascaris  megalo- 
CEPHALA  (slightly  modified  from  Boveri). 

A^  second  jDolar  globule  just  formed ;  the  head  of  the  spermatozoon  is  becoming  chang'ed  into  a 
reticular  pro-nucleus  (  (J),  which  shows  indistinctly  two  chromosomes;  just  above  it,^  its 
archoplasm  is  shown :  the  egg  pro-nucleus  (?)  also  shows  two  chromosomes. 

B,  both  pro-nuclei  are  now  reticular  and  enlarged ;  a  double  centrosome  (a)  is  visible  in  the 
archoplasm  which  lies  between  them." 

C,  the  chromatin  in  each  pro-nucleus  is  now  converted  into  two  filamentous  chromosomes ;  the 

centrosomes  are  separating  from  one  another. 

D,  the  chromosomes  are  more  distinct  and  shortened ;  the  nuclear  membranes  have  disappeared ; 

the  attraction-spheres  are  distinct. 

E,  "mingling  of  the  four  chromosomes  (c)  each  of  which  is  seen  to  be  splitting  longitudinal^' ; 

the  achromatic  spindle  is  fully  formed. 

F,  separation  (towards  the  poles  of  the  spindle)  of  the  halves  of  the  split  chromosomes,  and  com- 

mencing division  of  the  cytoplasm.  Each  of  the  daughter  cells  now  has  four  chromosomes  • 
two  of  these  have  been  derived  from  the  ovum  pro-nucleus,  two  from  the  spermatozoon  pro- 
nucleus. 


Formation  of  the  tissues. — It  appears  to  be  established  beyond  doubt 
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that  new  cells  can  only  be  formed  from  pre-existing  cells.  In  the  early 
embryo  the  whole  body  is  an  agglomeration  of  cells.  These  have  all  been 
formed  from  the  ovum  or  egg-cell  (fig.  36),  which,  after  fertilisation,  divides 
first  into  two  cells,  these  again  into  two,  and  so  on  until  a  large  number  of 
cells  (embryonic  cells)  are  produced  (fig.  37).  These  form  at  first  an  outer 
clear  stratum  lying  at  the  surface  (fig.  37,  sz),  and  a  darker  granular  mass  (i) 
attached  to  this  layer  at  one  part,  but  elsewhere  separated  from  it  by  clear 
fluid.  Eventually  the  cells  of  the  inner  mass  arrange  themselves  in  the  form 
of  a  membrane  {hlastoderm),  which  is  composed  of'three  layers.     These  layers 


♦  «► 


!» 


Fig.  36. — Ovarian  ovum  of  kabbit.     Magnified  400  diameters. 

The  ovum  is  enclosed  within  a  clear  thick  membrane  (zona  pellucida)  outside  of  which,  and 
"^idhering  to  it,  are  epithelium  cells  of  the  Graafian  follicle.  The  protoplasm  of  the  ovum  shows 
numerous  fine  granules  and  a  certain  number  of  large  clear  yolk  globules.  The  nucleus  or 
germinal  vesicle  lies  near  the  periphery:  it  contains  several  globules  of  chromatin,  the 
largest  of  which  is  the  nucleolus  or  germinal  spot. 

are  known  respectively  as  the  ectoderm,  mesoderm,  and  entoderm  (fig.  38),  The 
ectoderm  gives  rise  to  most  of  the  epithelial  tissues,  and  to  the  tissues  of 
the  nervous  system  ;  the  entoderm  to  the  epithelium  of  the  alimentary  canal 
(except  the  mouth),  and  the  glands  in  connexion  with  it ;  and  the  mesoderm 
to  the  connective  and  muscular  tissues. 

The  tissues  are  formed  either  by  changes  which  occur  in  the  intercellular 
substance,  or  by  changes  in  the  cells  themselves ;  frequently  by  both  these 
processes  combined.  Amongst  the  cells  which  are  least  altered  from  their 
embryonic  condition  are  the  white  corpuscles  of  the  blood ;  these  are 
regarded  as  typical  free  cells. 
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z.p. 


Fig.  37. — Formation  of  blastodermic  vesicle  in  rabbit.     (Allen  Thomson, 
partly  after  E.  v.  Beneden. ) 

A  to  E,  division  of  ovum  and  formation  of  "mulberry  mass";  pgl,  polar  globules;  s,  «,  cells  of 
primary  division  which  already  show  a  difference  of  appearance.  This  early  differentiation 
IS  not,  however,  accepted  by  most  authorities.  .F  to  7,  sections  of  the  ovum  in  subsequent 
stages,  zp,  membrane  of  ovum  (zona  pellucida) ;  S2,  subzonal  layer,  by  means  of  which  the 
ovum  becomes  attached  to  the  uterine  mucous  membrane ;  i,  inner  cell-mass,  which  gives  rise 
to  the  blastodermic  layers.  The  accumulation  of  fluid  in  G,  B,  and  I  has  swollen  the  ovum 
out  to  form  the  so-called  blastodermic  vesicle. 
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The  histogenetical  relation  between  the  three  layers  of  the  blastoderm 


eci. 


enC.        "^^• 
FiQ.  38. —Section  or  blastoderm  showing  the  coMMENOiNa  formation  of 
THE  MESODERM.     (KoUiker. ) 

eet,  ectoderm ;  ent,  entoderm  ;  me,  mesoderm  ;  ax,  axial  part  of  ectoderm  with  cells  under- 
going division  (k).    The  mesoderm  is  growing  from  this  part. 


Ectoderm.  < 


and  the  several  tissues  and  organs  of  the  body  is  exhibited  in  the  following 
table : — 

The  epithelium  of  the  skin  (epidermis)  and  its  appendages,  viz.,  the  hairs,  nails,  sebaceous 

and  sweat  glands,  and  mammary  glands.      The  muscular  fibres  of  the  sweat  glands. 
The  epithelium  of  the  mouth,  and  the  epithelium  of  the  anus  and  anal  canal.    The  salivary 

and  other   glands  which    open  into    the  mouth.      The  enamel    of   the  teeth.      The 

-gustatory  organs. 
The  epithelium  of  the  lower  part  of  the  urethra. 
The  epithelium  of  the  lower  part  of  the  vagina. 

The  epithelium  of  the  nasal  passages,  and  of  the  cavities  and  glands  which  open  into  them. 
The  epithelium  covering, the  front  of  the  eye.    The  epithelium  of  the  lacrimal  canals  and 

lacrimal  srlands.    The  crystalline  lens.    The  retina.    The  pars  eiliaris  retinae  and  the 

pars  iridica  retinas.    The  sphincter  and  dilatator  pupillse  muscles.' 
The  epithelium  lining  the  membranous  labyrinth  of  the  ear.    The  epithelium  lining  the 

external  auditory  meatus. 
The  epithelium  lining  the  central  canal  of  the  spinal  eord,  the  aqueduct  and  the  fourth, 

third,  and  lateral  ventricles  of  the  brain. 
The  tissues  of  the  nervous  system  including  all  nerve-cells  and  fibres  and  neurogha-cells. 
The  pituitary  body.    The  pineal  gland.    The  medulla  of  the  suprarenal  capsules. 

/All  the  connective  tissues. 

I  The  blood  and  lymph-corpuscles. 

I  The  spleen  and  lymph  glands. 

I  The  cortex  of  the  suprarenal  capsules. 

f  The  endothelial  lining  of  the  heart,  blood-vessels,  lymphatics,  and  serous  membranes. 

The  epithelium  of  the  uriniferous  tubules,  and  that  of  the  ureters  and  renal  pelves. 
I  The  epithelium  of  the  male  generative  organs,  including  that  of  the  testis  and  its  ducts,  and 
I         that  of  the  prostatic  vesicle,  as  well  as  the  male  generative  cells. (spermatozoa). 
I  The  epithelium  of  the  ovary  and  Graafian  follicles,  including  the  female  generative  cells  (ova) ; 
I         the  epithelium  of  the  Fallopian  tubes,  and  uterus,  and  the  upper  part  of  the  vagina. 
\  The  muscular  tissues,  voluntary,  involuntary  and  cardiac. 

The  epithelium  of  the  alimentary  canal  (from  the  pharynx' to  the  lower  end  of  the  rectum) 
and  of  all  the  glands  which  open  into  it  (including  the  liver  and  pancreas). 

The  epithelium  of  the  Eustachian  tube  and  cavity  of  the  tympanum. 

The  epithelium  of  the  larynx,  trachea,  and  bronchi,  and  of  all  their  ramifications. 

The  epithelium  of  the  pulmonary  alveoli. 

The  thyroid  body  and  parathyroids.  The  reticulum  and  the  concenti'ic  corpuscles  of  the 
thymus  gland. 

The  epithelium  of  the  urinary  bladder,  of  the  female  urethra,  and  of  the  lower  part  of  tlie 
va^^na. 

The  epithelium  of  the  proximal  part  of  the  male  urethra  and  its  glands. 

All  the  connective  tissues,  the  endothelium  of  the  lymphatic  and  hsenial  systems,  and  the  \'ascular 
and  lymph  glands  are  formed  from  a  special  part  of  the  mesoderm  termed  mesenchyme,  which,  at  an 
early  stage  of  developtnent,  consists  of  a  syncytium  of  branched  cells  with  a  homogeneous  intercellular 
matrix.  Plain  muscular  tissue  is  for  the  most  part  also  formed  from  mesenchyme,  but  in  certain  situations, 
as  in  the  sweat  glands  and  muscular  tissue  of  the  iris,  it  is  said  to  be  ectodermal  in  origin.  The  generative 
cells  (gonads)  in  both  sexes,  although  developed  in  connexion  vnth  the  mesoderm,  are  produced  from  special 
cells  which  are  early  differentiated  from  the  ordinary  or  somatic  cells. 


Mesoderm. 


Entoderm. 
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LESSON   I. 


USE  OF  THE   MICROSCOPE.      EXAMINATION   OF 
CERTAIN   COMMON  OBJECTS. 

The  requisites  for  practical  histology  are  a  good  compound  microscope  ;  slips  of 
glass  technically  known  as  "  slides,"   upon   which   the  preparations  are  made  ; 

pieces  of  thin  glass  used  as  covers  for  the  pre- 
parations ;  a  few  instruments,  such  as  microtome, 
scalpel,  scissors,  forceps,  and  needles  mounted 
in  wooden  handles  ;  and  a  set  of  fluid  reagents 
for  mounting  and  staining  microscopic  prepara- 
tions.' A  sketch-book  and  pencil  are  also 
necessary,  and  must  be  constantly  employed. 

The  microscope  (fig.  39)  consists  of  a  tube 
{t  t')  160  millimeters  (6-4  inches)  long  having 
two  systems  of  lenses,  one  at  the  upper  end 
termed  the  "eye-piece"  or  "ocular"  {pc),  the 
other  at  the  lower  end  termed  the  "  objective  " 
{ohf).  For  ordinary  work  there  should  be  at 
least  two  objectives — a  low  power  working  at 
about  8  millimeters  (J  inch)  from  the  object, 
and  a  high  power,  having  a  focal  distance  of 
about  3  millimeters  (i  inch)  ;  it  is  useful  also  to 
have  a  lower  power  (commanding  a  larger  field 
of  view)  for  finding  objects  readily,  and  two  or 
more  oculars  of  different  magnification.  The 
focus  is  obtained  by  cautiously  bringing  the 
tube  and  lenses  down  towards  the  object  by  the 
coarse  adjustment,  which  is  usually  a  rack-and- 
pinion  movement  {adj),  and  focussing  exactly 
by  the  fine  adjustment,  which  is  always  a  finely 
cut  screw  {adj'). 

The  stage  {st)  upon  which  the  preparations 
are  placed  for  examination,  the  mirror  (?») 
which  serves  to  reflect  light  up  through  the 
central  aperture  in  the  stage  and  along  the 
tube  of  the  instrument,  and  the  diaphragm  {d) 
below  the  stage  which  is  used  to  regulate  the 
amount  of  light  thus  thrown  up,  are  all  parts 
the  employment  of  which  is  readily  under- 
stood. A  substage  condenser  (not  shown  in  the 
diagram),  which  serves  to  concentrate  the  light 
thrown  up  by  the  mirror  to  the  centre  of  the 
object,  is  valuable  when  high  powers  and 
stained  preparations  are  employed. 

The  combinations  of  objectives  and  oculars 

above  referred  to  will  generally  give  a  magnify- 

FiG.  39.— DfAGRAM  OF  MicRoscorB.     ™g  ^"^^r  of  from  50  to  400  diameters,  and  this 

IS  sufficient  for  most  purposes  of  histology.  But 
to   bring   out    minute  points    of  detail  in   the  structure  of  cells  and  of  certain 

'  The  directions  for  making  the  principal  fluids  used  in  histological  work  will  be 
found  in  the  Appendix. 
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tissues   examination  with  much  liigher  magnifying   powers  may   be   necessary. 
Objectives  of  high  power  are-usually  made  as  immersion-lenses  ;  i.e.  they  are  con- 
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Fio.  40. — Objects  which  may  be  accidisntally  present  in  microscope 

PREPARATIONS, 

1,  Staroh-granules ;  2,  a  small  air  bubble  and  part  of  a  large  one ;  3,  j'east  torulaa ;  4,  a  mould 
{Aspergillus  tjlaucus);  5,  linen  fibres  ;6,  cotton  fibres;  7,  wool;  8,  hair,  human;  9,  epithelium 
Scales ;  10,  micrococci ;  11,  bacilli  and  spores  (B.  subtUis).    Magnified  about  2B0  diameters. 
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structed  to  form  a  proper  image  of  the  object  when  the  lowei'most  lens  of  the 
system  is  immersed  in  a  layer  of  liquid  which  lies  on  the  cover-glass  of  the  object 
and  has  a  refractive  index  not  far  removed  from  that  of  the  glass  itself.  For  this 
purpose  an  essential  oil  (oil  of  cedar- wood)  is  used.  The  advantages  obtained  by 
the  employment  of  these  oil-immersion  lenses  are  : — increased  working  distance 
from  the  object,  increased  angle  of  aperture  with  sharper  definition  of  the  object, 
and  increased  amount  of  light  traversing  the  microscope. 

The  best  lenses  for  histological  work  are  made  of  the  so-called  "  apochromatic '' 
glass  ;  specially  constructed  "compensation"  eye-pieces  are  used  with  these. 

A  scale  for  measuring  objects  should  be  constructed  for  each  microscope.  To 
do  this,  put  a  stage-micrometer  (which  is  a  glass  slide  ruled  in  the  middle  with 
lines  iV  and  ^h-^  millimeter  apart)  under  the  microscope  in  such  a  manner  that  the 
lines  run  from  left  to  right  (the  microscope  must  not  be  inclined).  Foois  them 
exactly.  Put  a  piece  of  white  card  on  the  table  at  the  right  of  the  microscope. 
Look  through  the  instrument  with  the  left  eye,~keeping  the  right  eye  open.  The 
lines  of  the  micrometer  will  appear  projected  upon  the  paper.  Mark  their 
apparent  distance  with  pencil  upon  the  card,  and  afterwards  make  a  scale  of  lines 
in  ink,  of  the  same  interval  apart.  A  magnified  representation  is  thus  obtained  of 
the  micrometer  scale.  Mark  upon  it  the  number  of  the  eye-piece  and  of  the 
objective,  and  the  length  of  the  microscope-tube.  This  scale-card  will  serve  for 
the  measurement  of  any  object  without  the  further  use  of  the  micrometer.  To 
measure  an  object,  place  the  scale-card  upon  the  table  to  the  right  of  the  micro- 
scope and  view  the  object  with  the  left  eye,  keeping  the  right  eye  open.  The 
object  appears  projected  upon  the  scale,  and  its  size  in  t^j  or  -^-^  of  a  millimeter  can 
be  read  off.  It  is  essential  that  the  same  objective  and  eye-piece  should  be 
employed  as  were  used  in  making  the  scale,  and  that  the  microscope  tube  should 
be  of  the  same  length.  The  lines  on  English  stage-micrometers  are  usually  ruled 
ns  a-iid  rn^TF  inch  apai't.' 

Before  beginning  the  study  of  histology  the  student  should  endeavour  to 
familiarise  himself  with  the  use  of  the  microscope,  and  at  the  same  time  learn 
to  recognise  some  of  the  chief  objects  which  are  liable  to  occur  accidentally 
in  microscope  specimens.  On  this  account  it  has  been  considered  desirable  to 
introduce  directions  for  the  examination  and  recognition  of  starch-granules, 
moulds  and  torulae,  air-bubbles,  linen,  cotton,  and  woollen  fibres,  and  the  usrial 
constituents  of  the  dust  of  a  room  (fig.  40). 

1.  Examination  of  starch-granules.  Gently  scrape  the  cut  surface  of  a  potato 
with  the  point  of  a  knife  ;  shake  the  starch-granules  so  obtained  into  a  drop  of 
water  upon  a  clean  .slide  and  apply  a  cover-glass. 

With  the  low  power  the  starch-granules  look  like  dark  specks  differing  con- 
siderably in  size  ;  under  the  high  power  they  are  clear,  flat,  ovoid  particles 
(fig.  40,  1),  with  a  sharp  outline  when  exactly  focussed.  Notice  the  change  in 
appearance  of  the  outline  as  the  microscope  is  focussed  up  and  down.  On  close 
examination  fine  concentric  lines  are  to  be  seen  in  the  granules,  arranged  around 
a  minute  spot  which  is  generally  placed  eccentrically  near  the  smaller  end  of  the 
granule.     Sketch  two  or  three  starch-granules. 

Notice  the  appearance  of  air-bubbles  in  the  water  (fig.  40,  2).  If  comparatively 
large  they  are  clear  in  the  middle,  with  a  broad  dark  border  due  to  refraction  of 
the  light ;  if  small  they  may  look  entirely  dark. 

Pass  a  drop  of  dilute  iodine  solution  under  the  cover-glass,  and  observe  the 
staining  of  the  starch-granules. 

■2.  Examine  some  yeast  which  has  been  grown  in  solution  of  sugar.  Observe 
the  yeast-particles  or  torula;,  some  of  them  budding  (fig.  40,  3).  Each  torula 
contains  a  clear  vacuole,  and  has  a  well-defined  outline,  due  to  a  membrane. 
Sketch  two  or  three  torulfe. 

Z.  Examine  some    mould    in    water.     Notice   the    long   branching   filaments 

'  For  the  method  of  measuring  with  an  ocular  micrometer,  and  for  determining  the 
magnifying  power  of  a.  microscope,  the  reader  is  referred  to  the  author's  Course  of 
Practical  Hutotogy. 
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(hyphse),  and  also  the  torula-like  particles  (spores)  from  which  hyphse  may  in  some 
instances  be  seen  sprouting  (fig.  40,  4).     Sketch  part  of  a  hypha. 

4.  Examine  fibres  of  linen  and  of  cotton  in  water,  using  a  high  power.  Com- 
pare the  well-defined,  rounded, .  relatively  straight  or  but  slightly  twisted  linen, 
with  the  longer,  broader  but  thinner,  and  more  twisted  cotton  fibres  (fig.  40,  5,  6). 
Sketch  one  of  each  kind. 

5.  Mount  one  or  two  hairs  from  the  head  in  water  and  look  at  them  first  with 
the  low,  then  with  the  high  power  (fig.  40,  8).  Examine  also  fibres  from  any 
woollen  material  and  compare  them  with  the  hairs.  They  have  the  same  structure, 
although  the  wool  is  finer  and  is  curled  (fig.  40,  7)  ;  its  structure  may  be  obscured 
by  the  dye.     Draw  one  or  two  of  each. 

6.  Examine  a  drop  of  hay  infusion,  which  has  been  standing  a  day  or  two,  for 
bacteria  and  other  putrefactive  organisms  (fig.  40,  10,  11).  The  active  movements 
which  these  exhibit  are  due  to  minute  cilia  or  flagella,  which  can  only  be  made 
visible  by  special  staining  methods  and  a  very  high  magnifying  power.  Notice 
that  all  very  minute  particles,  organic  or  inorganic,  which  occur  in  fluids  may  be 
seen  to  exhibit  the  peculiar  tremulous  dancing  movement  which  is  known  as  the 
"  Brownian  "  movement. 

7.  Examine  some  dust  of  the  room  in  water  with  a  high  power.  In  addition 
to  groups  of  black  particles  of  carbon  (soot)  there  will  probably  be  seen  fibres  of 
linen,  cotton,  or  wool,  and  shed  epitlielium-cells  (fig.  40,  9)  deiived  from  the 
epidermis. 

8.  Examine  a  drop  of  milk  with  the  high  powei'.  Notice  the  particles  of 
ci'eam.  Theii-  fatty  nature  is  shown  by  their  high  refiucting  power,  and  by  their 
staining  reactions  with  certain  special  I'eagents,  such  as  osmic  acid  or  Soudan  III. 
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LESSONS    II.   AND    III. 
STUDY  OF  THE   HUMAN    BLOOD-CORPUSCLES. 

1.  Having  cleaned  a  slide  and  cover-glass,  prick  tlie  linger  above  the  nail  or  on 
the  pulp,  and  mount  the  small  drop  of  blood  which  issues  from  the  prick  as  quickly 
as  possible,  so  that  it  has  time  neither  to  dry  nor  to  coagulate.  Examine  it  at 
once  with  the  high  powei-. 

Note  (o)  the  coloured  corpuscles  mostly  in  rouleaux  and  clunips,  but  some 
lying  apart  seen  flat  or  in  profile  ;  (/>)  the  colourles-s  corpuscles,  easily  made  out  if 


FlO.    41. — H.liMACVTOMKTER    OF    (lOWERS. 

^1,  pipftti.-  tiiv  diluting"  tliiid  ;  /?.  iiipettf  for  Ijlond  ;  C,  ^Ude  ;  X>,  nii.xiii^^  tiu\\l  ;  Jl',  iiii.xtr 
V,  needle  for  priekiii^^  linger. 

the  covei-glass  is  touched  by  a  needle,  on  account  of  theii'  tendency  to  stick  to  the 
glass,  whilst  the  coloui-ed  coi-puscles  are  driven  past  1  ly  the  cuiients  set  up  ;  (c)  in 
the  cleai-  sjjaces,  tibiin-filaments  and  elementaiT  particles  oi'  blood-platelets. 

Sketch  a  roll  of  coloured  corjjuscles  and  one  (_>!■  two  colourless  corpuscles. 
Count  the  number  of  colourless  corpuscles  in  a  tield  of  the  micro.scope. 

2.  To  be  made  as  in  i^  1,  but  the  di-op  fif  blood  is  to  be  mixed  u])on  the  slide 
with  an  equal  amount  of  normal  or  isotonic  .saline'  so  that  the  red  corpuscles  tend 
to  be  less  massed  together,  and  theii'  peculiai'  shape  is  lietter  displayed. 

'  A  solution  of  sodium  chloride  containing  from  7 '5  to  9  grammes  to  the  litre 
for  mammals,  ti  grammes  for  the  frog.  Ringer's  solution  may  also  be  used.  This  is 
made  by  saturating  normal  saline  with  calcium  phosphate,  and  adding  10  milligrammes 
of  potassium  chloride  to  each  litre.     (8ee  also  Appendix). 
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Sketch  a  red  corpuscle  seen  on  the  flat  and  another  in  profile  (oi'  oistical  section). 
Also  a  crenated  corpuscle. 

Measure  ten  red  corpuscles,  and  from  the  results  ascertain  the  average  diameter 
of  a  corpuscle.     Measure  also  the  largest  and  the  smallest  you  can  find. 


Keep 


3.  Make  a  preparation  of  blood  as  in  §  1  and  put  it  aside  to  coagulate, 
the  edges  from  drying  by  placing  it  in  a  moist  chamber 
or  by  occasionally  breathing  upon  it.  After  a  few 
minutes  place  a  drop  of  1  per  cent,  methyl  violet  at 
one  edge  of  the  cover  and  allow  this  to  pass  in  and 
jnix  with  the  blood :  it  may  be  drawn  through  the 
preparation  by  applying  a  very  small  fragment  of 
blotting  paper  to  the  opposite  edge.  The  dye  stains 
the  nuclei  of  the  white  corpuscles,  the  blood-platelets, 
the  network  of  fibrin-filaments,  and  the  membranes  of 
the  red  blood-corpuscles. 

The  three  preparations  just  described  cannot  be 
kept,,  but  the  two  following  will  serve  as  permanent 
preparations  of  blood  : — 

4.  To  fix  and  stain  the  coloured  corpuscles : — Place 
upon  a  slide  a  drop  of  1  per  cent,  osmic  acid  mixed 
with  an  equal  amount  of  saturated  aqueous  solution  of 
eosin.  Prick  the  finger,  and  mix  the  blood  directly 
with  the  coloured  fluid,  stirring  them  together  with  a 
needle.  Cover  the  mixture  and  put  aside  for  an  hour, 
protected  from  evaporation  ;  then  place  a  very  small 
drop  of  glycerine  and  water  at  the  edge  of  the  cover- 
glass.  When  this  has  passed  under,  i.e:  in  about  half 
an  hour  or  more,  fix  the  cover-glass  with'  gold  size. 

D.  To  study  the  granules  of  the  colourless  corpuscles 
and  their  reactions  to  different  staining  reagents,  a 
film  of  blood  is  enclosed  between  two  cover-glasses 
which  are  at  once  separated  and  the  film  on  each 
quickly  dried  in  the  air.  A  slide  may  be  used  instead 
of  a  cover-glass  ;  the  drop  of  blood  is  placed  close  to 
the  ground  edge  of  one  slide  and  this  is  drawn  evenly 
over  the  middle  of  another.  The  films  are  fixed  by 
immersion  for  one  hour  or  more  in  a  mixture  of  alcohol 
and  ether,  equal  parts  of  each  ;  or  for  four  minutes  in 
a  mixture  of  10  parts  formol  and  90  absolute  alcohol. 
The  film  is  then  stained  by  (1)  a  saturated  solution  of 
eosin  in  75  per  cent,  alcohol  (three  minutes),  after 
which  it  is  rinsed  with  water,  and  treated  with  (2)  a 
1  per  cent,  solution  of  methylene  blue  (one  minvfte). 
The  film  is  again  rinsed  with  water,  rapidly  dried, 
and  mounted  in  dammar. 

Combined  eosin-methylene  blue  stains,  such  as 
Jenner'.s  or  Leishman's,  may  also  be  employed  for 
films.  These  require  only  one  operation  (see  Ap- 
pendix). 

6.  Mount  in  dammar  sections  of  marrow  from  a 

long  bone  (rabbit)  fixed  with  mercuric  chloride  or  formol  and  stained  with  eosin 
and  methylene  blue.  Observe  the  fat-cells,  the  supporting  reticular  tissue,  the 
proper  marrow-cells  in  this  tissue,  the  myeloplaxes  and'the  erythroblasts. 

7.  Tease  in  salt  solution  or  serum  some  of  the  red  marrow  from  the  rib  of  a 
recently  -killed  animal.  Observe  and  sketch  the  proper  marrow-cells  (myelocytes) 
and  look  for  myeloplaxes  (giant  cells)  and  nucleated  coloured  blood-corpuscles 
(erythroblasts). 


Fig.  42. — Pii'ette  used  fob 
THE  Thoma-Zeiss  hema- 
cytometer. 
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8.  Make  a  film  preparation  of  red  marrow  by  smearing  a  little  upon  a  cover- 
glass  or  slide,  allowing  it  to  dry  quickly,  and  placing  it  in  the  above  mixture  of 
formol  and  alcohol.  After  a  few  minutes  in  this,  the  preparation  may  be 
stained  with  eosin  and  methylene  blue  or  by  Leishman's  stain  in  exactly  the  same 
way  as  a  film  preparation  of  blood  (see  §  5),  and  mounted  in  daminar. 


Fm.    43. — H.«>L\CYT0METEB  SLIDE,    RULED   IN    SQUAKES   I'OK  THE   ENUMERATION 
or  BLOOD-COKPUSCLES. 


Fii;.  44. — DiAUHAM  of  a  section  throuoii  the  h-emacytometer  slide. 
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Fig.  45.  — Ai'I'earance  of  the  squares  of  the  Thoma-Zeiss  h^cmacytometer 
WHEN  used  for  A  ELOOD-couNT.     Magnified  200  diameters. 


9.  Enuineiation  of  the  blood-corpuscles.  This  is  done  by  some  form  of  blood 
counter  such  as  the  hsemacytometer  of  Gowers,  or  the  similar  appara,tus  of  Thoma. 
In  Gower's  apparatus  (flg.  41),  one  pipette  is  used  for  measuring  the  blood  and 
another  for  the  diluting  fluid,  and  the  mixture  is  made  in  a  small  glass  vessel  with 
the  aid  of  a  glass  rod  ;  these  are  easier  to  clean  than  the  combined  measuring  and 
mixing  pipette  of  the  Thoma  apparatus  (fig.  42).  The  latter  is  however  more  gener- 
ally used.    For  purposes  of  counting,  the  Thoma-Zeiss  instrument  is  provided  with  a 
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glass  slide  (figs.  43,  44),  the  centre  of  which  is  occupied  by  a  small  glass  plate  having 
its  upper  surface  ruled  into  -rV  mm.  squares,  subdivided  into  smaller  portions  to 
facilitate  enumeration,  and  surrounded  by  a  glass  ring  tV  mm.  thicker  than  the 
ruled  glass  plate.  In  Gower's  instrument,  the  ruling  is  usually  in  \  mm.  squares 
with  a  ring  \  mm.  thick.  The  diluting  solution  may  either  be  that  of  Hayeni, 
viz.,  distilled  water  200  cc,  sulphate  of  soda  5  gms.,  common  salt  1  gm.,  corrosive 
sublimate  0*5  gm.,  or  that  of  Marcano,  viz ,  97  cc.  of  a  solution  of  sulphate  of 
soda  (in  distilled  water)  of  sp.  gr.  1020,  to  which  is  added  chloride  of  sodium  1 
gm.,  and  formol  3  cc.  The  finger  is  pricked,  and  the  pipette  (fig.  42)  filled  with 
blood  exactly  up  to  the  1  mark. ,  The  pipette  is  then  filled  with  diluting  solution 
up  to  the  101  mark,  the  blood  being  thereby  drawn  up  into  the  mixing  vessel, 
where  it  is  thoroughly  mixed  with  the  solution  by  shaking  the  included  glass  ball. 
It  is  thus  diluted  100  times.  After  expelling  the  clean  fluid -in  the  capillary  part, 
a  drop  of  the  mixture  is  placed  in  the  centre  of  the  cell,  and  the  cover-glass  is 
gently  laid  on  so  as  to  touch  the  drop,  which  thus  forms  a  layer  tV  niin-  thick 
between  the  ruled  glass  plate  and  cover-glass.  In  a  few  minutes  the  corpuscles 
have  sunk  to  the  bottom  of  the  layer  of  fluid  and  rest  on  the  squares  (fig.  45). 
The  number  in  ten  of  the  fo-  mm.  squares  is  then  counted,  and  this,  multiplied  by 
100,  gives  the  number  in  a  cubic  millimeter  of  the  mixture,  or  if  again  multiplied 
by  100  (the  amount  of  dilution)  the  number  in  a  cubic  millimeter  of  blood. 

For  the  enumeration  of  the  white  corpuscles  the  blood  is  diluted  only  10  times 
instead  of  100  times.  It  is  also  convenient  to  use  one  half  per  cent,  solution  of 
acetic  acid  just  coloured  with  methyl  violet  as  a  diluent  (Thoma).  This  destroys 
the  coloured  corpuscles  and  stains  the  nuclei  of  the  white. 


The  coloured  blood-corpuscles. — The  coloured  corpuscles  are  composed  of 
a  delicate  colourless  highly  elastic  (?  protoplasmic)  envelope,  and  coloured 
fluid  contents,  consisting  mainly  of  a  solution  of  haemoglobin.  The  existence 
of  an  envelope  is  shown  by  the  osmotic  effects  of  water  and  solutions  of 
salt  upon  the  corpuscle.  The,  description  which  was  formerly  current 
that  the  red  corpuscles  consist  of  a  porous  solid  stroma,  permeated  with 
dissolved  hsemoglobin,  is  incompatible  with  these  phenomena.  Moreover, 
the  envelope  can  be  distinctly  seen  witH  the  microscope,  especially  in 
the  amphibian  corpuscle,  and  can  be  stained  by  reagents.  The  envelope 
contains  lipoid  substances  (lecithin  and  cholesterol) ;  these  substances  seem 
to  impart  a  certain  greasiness  to  the  surface  of  the  corpuscle.  It  is 
probably  due  to  this  that  fhe  corpuscles  run  together  into  rouleaux  when 
the  blood  comes  to  rest  (see  p.  49). 

Under  the  microscope  blood  is  seen  to  consist  of  a  clear  fluid  [plasma), 
in  which  are  suspended  the  blood-corpuscles  (fig.  46).  The  latter  are  of  two 
kinds ;  the  red  or  coloured  {erythrocytes),  which  are  by  far  the  more 
numerous,  and  the  white,  pale,  or  colourless  (leucocytes).  In  addition  to 
the  more  obvious  corpuscles,  blood  contains  a  variable  number  of  minute 
particles  which  were  termed  by  Zimmermann  the  elementary  particles  of  the 
blood,  but  which  are  now  usually  known  as  blood-platelets. 

Erythrocytes. — When  seen  singly  the  coloured  corpuscles  are  not  dis- 
tinctly red,  but  appear  of  a  reddish-yellow  tinge.  In  the  blood  of  man  and 
of  all  other  mammals,  except  the  Oamelidse,  they  are  biconcave  circular  disks. 
Their  central  part  usually  has  a  lightly  shaded  aspect  under  a  moderately 
high  power,  but  this  is  due  to  their  biconcave  shape,  not  to  the  presence 
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of  a  nucleus.  They  have,  as  just  stated,  a  strong  tendency  to  become 
aggregated  into  rouleaux  and  clumps  when  the  blood  is  at  rest,  but  if  it  is 
disturbed  they  readily  become  separated. 

If  the  density  of  the  plasma  is  increased  in  any  way,  as  by  evaporation, 
many  of  the  red  corpuscles  become  shrunken  and  crenated  by  the  passage 
of  water  out  of  the  corpuscle.  On  the  other  hand,  a  diminution  in  the 
density  of  the  plasma  tends  to  cause  the  red  corpuscles  to  become  cup-shaped, 
but  it  is  erroneous  to  describe  this  as  the  normal  form  of  the  corpuscle, 
although  a  certain  number  of  cup-shaped  corpuscles  are,  it  is  true,  to  be  seen 


Fig.  46. — Human  blood.     Photograph.     Magnified  650  diameters. 

in  the  circulating  blood  when  this  is  examined  in  transparent  parts  of 
animals.     By  far  the  laVgest  number,  however, -are  biconcave. 

The  average  diameter  of  the  human  red  corpuscle  is  0'0075  mm.^ 
(about  ^Tj-g-  in.),  but  a  few  will  always  be  found  somewhat  larger  (0'0085) 
and  a  few  somewhat  smaller  (0-0065  mm.).^ 

There  are  normally  from  four  to  five  millions  of  coloured  corpuscles  in 
a  cubic  millimeter  of  adult  human  blood. 

Leucocytes. — The  colourless  corpuscles  of  human  blood  are  protoplasmic 
cells,  averaging  0-01  mm.  (^/ijjr  in.)  in  diameter  when  spheroidal,  but  they 
vary  much  in  size  and  shape.     They  are  far  fewer  than  the  coloured  cor- 

1  Also  expressed  as  7'5  /i  or  microns  ;  a  micron  being  y^wis  m™- 
^  The  following  list  gives  the  diameter  in  parts  of  a  millimeter  of  the  red  blood- 
corpuscles  of  some  of  the  common  domestic  animals  : — Dog,  O'O073  ;  rabbit,  0'0069  ;  cat, 
0-0065  ;  sheep,  0-0050  ;  goat,  0-(J041. 
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puscles,  usually  numbering  nut  more  than  eight  tu  ten  thousand  in  a  cubic 
millimeter  (about  1  to  600  red  corpuscles).  They  are  increased  in  number 
by  any  conditions  which  tend  to  increase  the  rate  of  circulation.  They  are 
specifically  lighter  than  the  red  corpuscles.  If  examined  immediately  the 
blood  is  drawn,  they  are  spherical  in  shape,  but  soon  become  flattened 
and  then  irregular  in  form  (fig.  3),  and  their  outline  continually  alters, 
owing  to  the  amceba-like  changes  to  which  they  are  subject.  In  some  kinds 
{phagocytes)  the  protoplasm  tends  to  take  in  foreign  particles  with  which 
the  cells  come  in  contact;  in  others  there  seems  to  be  little  or  no  such 
tendency.  Some  of  the  colourless  corpuscles  are  very  pale  and  filled  with 
fine  granules,  others  contain  coarser  and  more  distinct  granules  in  their 
protoplasm  ;  others  again  have  a  hyaline  protoplasm  without  any  apparent 
granules.  In  some  corpuscles  {lymphocytes)  the  protoplasm  forms  only  a 
relatively  small  proportion  as  compared  with  the  nucleus. 


Fill.  47. — Two  LKnc!(irYTES 


11''   LEPIDOSIREN,    SHOWINf! 

(T.  H.  Bryoe.) 


ATTBACTION-.SPHERE. 


A,  a  inacroeyte,  with  kidney -shaped  nucleus. 
B,  a  poI\niorpli,  with  lobed  nuclexis  (the  threads  of  chromatin  joining;  tlie  lobes  are  not  sliown). 

Leucocytes  are  classified  according  to  the  character  and  appearance  of 
the  nucleus  and  the  nature  and  staining  qualities  of  the  granules  in  their 
protoplasm.  Some  of  their  granules  are  readily  stained  by  basic  dyes  such 
as  methylene  blue ;  such  granules  are  accordingly  termed  hadphU.  Distinct 
coarse  basiphil  granules  are,  however,  rare  in  normal  blood,  although  cells 
with  these  granules  are  always  present  in  the  marrow  and  in  some  con- 
nective tissues,  and  make  their  appearance  in  the  blood  in  leucocytha^mia. 
On  the  other  hand,  some  granules  more  readily  take  up  colour  from  acid 
dyes,  such  as  eosin  ;  these  have  been  termed  oxyphil  or  eosinophil.  Others 
possess  gi-anules  {amphophil)  which  are  stained  by  both  acid  and  basic  dyes  ; 
and  others  chiefly  by  neutral  dyes  {neiUropldl).  In  some  cells  more  than  one 
kind  of  granule  is  met  with.  The  pi'otoplasm  may  also  contain  clear  spaces 
or  vacuoles.  Each  leucocyte  has  at  least  one  nucleus,  which  is  difficult  to 
see  in  a  fresh  preparation,  but  is  easily  seen  after  the  action  of  most  reagents 
and  after  staining.     There  is  also  a  eentrosome  with  attraction-sphere  (fig.  47), 
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The  following  are  the  chief  varieties  of  leucocytes: — 1.  Polymorphocytes. 
Cells  with  lobed  or  multipartite  nuclei  and  a  relatively  large  amount  of 
protoplasm,  which  is  highly  amceboid.  These  are  often  termed  multi-(poly-J 
nuclear,  but  the  nucleus  is  rarely  if  ever  multiple,  its  several  parts  being 
joined  by  threads  of  nuclear  substance.  The  cells  in  question  vary  in  size, 
but  when  spherical  are  usually  not  quite  0-01  mm.  in  diameter.  Their 
protoplasm  stains  with  eosin,  this  being  due  to  the  presence  of  fine  oxyphil 
granules  (Kanthack  and  Hardy).  They  are  highly  amoeboid  and  phagocytic, 
and  constitute  from  sixty  to  seventy  per  cent,  of  all  the  leucocytes  of  the 
blood  (fig.  48,  a  ;  see  also  fig.  49). 

2.  Lymphocytes. — These  are  small  cells,  with  a  limited  amount  of  clear 
protoplasm  around  the  nucleus,  which  is  simple,  not  lobed  or  divided  (fig.  48, 
b ;  see  also  fig.  49,  on  right).     The  amoeboid  phenomena  are  less  marked  in 


Frii.  48. — Vabious  kinds  of  coloublbss  corpuscles,  showino  the  different 
CHARACTERS  OF  THE  OKANULES.  (From  a  film  preparation  of  normal  human 
blood. )     Two  of  each  kind  have  been  drawn. 


them  than  in  the  other  varieties  of  leucocyte.  The  protoplasm  stains  with 
methylene  blue.  They  are  about  0'0065  mm.  in  diameter,  but  some  are 
larger  and  appear  to  be  transitional  between  this  and  the  next  variety. 
They  constitute  from  fifteen  to  thirty  per  cent,  of  the  total  number  of 
leucocytes  in  the  blood.      They  are  relatively  more  numerous  in  infancy. 

3.  Macrocytes. — Large  uninucleated  cells  similar  to  the  last,  but  larger, 
and  containing  much  more  protoplasm  (fig.  48,  c;  fig.  49,  on  left).  Some 
are  smaller  than  the  rest  and  may  be  regarded  as  transitional  forms  from 
the  last  variety.  The  nucleus  is  spherical,  oval,  or  kidney-shaped.  The 
protoplasm  is  hyaline;  it  stains  slightly  with  methylene  blue,  owing  to 
the  presence  of  very  fine  basiphil  granules.  These  cells  are  amoeboid  and 
phagocytic.  Including  the  transitional  forms,  they  constitute  about  five  per 
cent,  of  all  the  leucocytes  in  blood. 

4.  Oocyphils. — These  are  characterised  by  their  coarse  granules,  which 
stain  deeply  with  acid  dyes,  such  as  eosin.     Their  average  diameter  in  the 
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spherical  condition  is  0-01  mm.  The  nucleus  may  be  simple  or  lobed 
(fig.  48,  d).  They  are  amwboid,  but  less  actively  so  than  the  finely  granular 
cells.  They  are  more  variable  in  number  than  the  other  varieties,  con- 
stituting sometimes  not  more  than  one  per  cent.,  and  at  other  times  as 
much  as  ten  per  cent.,  of  the  total  leucocytes  of  blood. 


^^ 


Fic.   49. — Bluod  film  st.\ined  with  h^^ematoxyt.tn  .\nd  kosin. 
Magnified  400  diameters. 

There  are  seen  -in  the  field,  besides  numerous  red  eorpuscles,  five  leueue.vtes  and  a  mass  of  hlood- 
platelets  (on  the  right),  as  well  as  a  few  scattered  platelets.  Of  the  leucocytes,  that  on  the  left 
18  a  niacrocyte,  that  on  the  rif^-ht  a  lymphocyte,  and  the  rest  polymorphocytes. 


Fw.    50. — JSfnTWdRK    111-    FIURIX    riL.i.MKJ<TS    FKOM    .\    SKCTIci.N    (IF    HLOilF" 'LCT. 

Magnified  400  diaiiieter.s. 

5.  BasiphUs. — These  are  rarely  if  ever  found  in  normal  blood  (adult), 
but  occur  in  children,  and  in  certain  pathological  conditions  afi'ecting  the 
bone  marrow. 

The  granules  of  leucocytes  are  usually  studied  in  films  of  blood  which 
are  allowed  to  dry  upon  a  slide,  and  are  then  doubly  stained  with  basic 
and  acid  dyes.    Fig.  49  is  a  photograph  of  such  a  preparation  of  human  blood. 


38     '  THE  ESSENTIALS   OF  HISTOLOGY 

Blood-platelets.— In  the  clear  fluid  in  which  the  blood-corpuscles  are 
suspended,  a  network  of  fine  intercrossing  filaments  of  fibrin  soon  makes  its 
appearance  (fig.  46,  on  the  left).  This  fibrin  network  is  especially  well  seen 
in  sections  of  bloodclot  (fig.  50).  The  filaments  often  radiate  from  minute 
round  colourless  discoid  and  often  spindle-shaped  particles  less  than  one- 
third  the  diameter  of  a  red  corpuscle,  which  either  lie  separately  or  are 
collected  into  groups  or  masses  of  variable,  sometimes  of  considerable,  size. 
These  are  the  elementary  particles,  hloodrplatelets,  or  thrombocytes.  In  the 
blood-vessels  they  are  discrete  (fig.  51),  but  they  immediately  clump  together 
when  blood  is  drawn  (fig.  49).  If,  however,  the  blood  is  examined  on  agar 
jelly  containing  certain  salts,  the  platelets  can  be  kept  separate.     They 


KiG.  51. — Blood-cokpuscles    and   elk-  Fig.  52. — Blood-platelets,  highly 

MBNTARY  PARTICLES  OK    BLOOD-PLATE-  MAGNIFIED,  SHOWING THBIBKEGULAK 

LETS,    WITHIN     \    SMALL     VEIN.        (W.  FORMS   WHICH   THEY  ASSUME   WHEN 

Osier.)  EXAMINED   UNDER  SUITABLE   CONDI- 

TIONS, AND  ALSO  EXHIBITING  THE 
CHROMATIC  PARTICLE  WHICH  EACH 
I'LATELET  CONTAINS,  AND  WHICH 
HAS   BEEN  REGARDED  AS  A  NUCLEUS. 

(After  Kopseh. ) 

usually  under  these  conditions  spread  out  into  an  irregular  shape,  and  may 
then  be  stained  and  submitted  to  very  high  powers  of  the  microscppe. 
The  result  of  such  examination  shows  that  each  one  contains  a  minute 
particle  which  stains  rather  more  deeply  than  the  rest  of  the  blood-platelet 
(fig.  52).  This  particle  has  been  considered  to  represent  a  nucleus,  and 
the  blood-platelets  have  on  this  ground  been  regarded  as  cells  (Deetjen). 
This  view  is  supported  by  the  fact  that  in  Amphibia  where  the  blood- 
platelets  are  much  larger  they  unquestionably  contain  a  nucleus.  Blood- 
platelets  vary  greatly  in  number ;  by  the  employment  of  methods  which 
prevent  their  becoming  massed  together  it  is  found  that  they  average  from 
200,0,00  to  300,000  per  cubic  millimeter  of  blood. 

The  spreading  out  upon  glass  or  other  foreign  surface  is  not  analogous 
to  the  amoeboid  movements  of  the  leucocytes,  for  it  is  irreversible.  It  is 
a  pronounced  example  of  thigmotaxis  (tendency  bo  adhere  to  solid  substances). 
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Fuj.   53. — Mesoderm  cells  of  rabbit  embryo,  ttxited  to  form  a  SYNcvriT'M, 

{Maximow. ) 

m,  ordinary  mesoderm  cells  ;  }/)',  a  fell  in  kavvokinesis  ;  I,  a  priniiti\  e  I'lood-cell. 


^9if* 


Fiu.  54. — Groups  of  primitive  erytiiroblasts  in  mesoderm  of  eridryo 
RABBIT.     (Maximow.) 

a,  normoblasts  ;  h.,h\  erythrohlasts  ;^  iji,  mesoderm  cells;  7*(',  mesoderm  t-ells  containini;-.  h:emo- 
g-lobin ;  h" ,  extrusion  of  nucleus  from  an  erythro'ila.st ;  n,  an  extruded  uucleu.s  ;  hi,  an 
erythrocyte. 
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Cells  which  exhibit  this  property  to  a  high  degree  are  termed  by  J-  Tait 
(Inyrnocytef!.  After  blood  is  drawn,  and  when  it  comes  in  contact  with  foreign 
matter  or  injured  tissue,  the  blood-platelets  not  only  spread  out  in  the  manner 


Fig.  55. — Devklopme^t  of  blood-vessels  axd  ELOOD-coKrrscLES  in  the 

VASCULAR   AREA    OF   THE    GUIXEA-PIO. 
hi,  lilood-corpnscles  becoming-  free  in  tlie  interior  of  a  nucleated  protoplasmic  mass. 


Fic.   56. — Uevelopment  of  blood-cokpuscles  in  rabkit.     (Maximow. ) 

m,  lit',  lit",  mesenchymo  cells,  one  showing  mitosis  ;  en,  endothelial  cells  of  vessel ;  c,  cavit\'  of 
vessel ;  I,  Ijiiiphoblasts  ;  a,  prnnitive  er>throblasts  ;  e',  one  in  mitosis. 

above-mentioned,  but  also  undergo  a  further  remarkable  disintegrative 
change,  giving  off  viscid  threads  which  adhere  together,  and  fix  them- 
selves to  adjacent  structures.  This  property  will  be  again  referred  to  when 
amphibian  blood  is  dealt  with. 
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Fatty  particles,  derived  from  the  ohjde,  occur  in  the  plasma  during 
absorptiiin  of  food  containing  fats. 

Development  of  red  blood-corpuscles. — In  the  mesoderm  of  the  embryo, 
at  first  in  that  of  the  yolk  sac  and  subsequently  in  the  body  of  the  embryo, 
the    blood-corpuscles   make    their  appearance    as    amceboid    nucleated    cells, 


_j 


Fi(i.  57. — Part  of  a  blood-vessel  from  the  yolk  sac  of  the  kaebit  embryo, 

SHOWING     THE     CHAIiOES     WHICH     OCCUR    IN     THE     PROCESS     OF     FORMATION     OF 

erythrocytes.     (Maximow. ) 

rt,  tt',  rt",  niegaloblasts  ;  />,  normoblasts  in  process  of  transformation  into  erytliroblasts  :  c',  erythro- 
bjasts,  the  nuclei  of  which  are  becoming  Jess  chromatic  and  in  one  or  two  cells  have  almost 
disappeared  ;  d,  an  erythrocyte  fully  formed  but  not  discoid  ;  e?i,  CTi',  phagocytic  endothelial 
celts ;  I,  lymphoc\-tes ;  fc,  a  divided  lymphocyte ;  n,  er^throblasts  somewhat  shrunken  and 
with  atrophyinj.^  nucleus  ;  n,  a  nucleus  becomint,^  extruded. 

apparently  derived  by  mitotic  division  from  some  of  the  ordinary  mesoderm 
cells  (fig.  5.3).  These  are  the  Uood-cells  or  jyrimitive  hannatoblasts.  They 
resemble  lymphocytes,  but  after  a  time  the  protoplasm  of  some  of  them  is 
found  to  contain  htemoglobin  (fig.  54) ;  they  may  now  be  termed  primitive 
erijthroblasts.  Soon  after  their  appearance  they  are  found  to  be  enclosed 
within  a  syncytium  of  the  mesoderm  or  mesenchyme  (fig.  55),  which  forms 
a  network,  at  first  incomplete  but  afterwards  complete,  at  the  nodes  of  which 
are  enlargements  containing  groups  of  the  primitive  erythroblasts.  This 
gives  to  the  tissue  the  appearance  of  isolated  reddish  spots — the  UoorPisIands 
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of  Pander.  The  network  becomes  hollowed  out  by  an  accumulation  of  fluid 
in  the  syncytial  protoplasm,  and  thus  are  produced  a  number  of  capillary 
blood-vessels,  within  which  the  coloured  nucleated  cells  are  set  free  as 
embryonic  blood-corpuscles  (fig.  55).  Within  the  circulation  these  multiply 
by  mitotic  division,  and  thus  become  rapidly  more  numerous.     The  primitive 


Fig.  58. — Formation'  of  ekytheoblasts  in  livek  of  embryo  rabbit. 
(Maximow.) 

en,  en',  endothelial  celKs  of  \'ewsel^  ;  a,  a\  a",  a',  nie^-aloljlastt; :  h,  b',  b",  b'",  normoblasts;  c, 
enthroblasts  ;  I,  I',  I",  l^niphoblasts  ;  li,  hepatic  cells;  n,  a  nucleus  lieconiing  extruded  ffoiu 
a  small  er\  throblast. 


erythroblasts  are  relatively  large,  and  resemble  the  megaloblasts  of  bone- 
marrow  (see  p.  46),  but  after  division  they  give  rise  to  smaller  erythroblasts, 
similar  to  the  normoblasts  of  bone-marrow.  These  form  the  nucleated 
coloured  blood-corpuscles  (erythroblasts)  of  the  embryo  during  the  first  few 
weeks  of  intrauterine  life.  They  also  multiply  by  mitotic  division,  so  that 
the  number  of  nucleated  coloured  blood-corpuscles  becomes  considerable,  a 
certain  number  of  colourless  cells  also  appearing  amongst  them.     After  a 
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time,  ordinary  non-nucleated  blood-disks  (erythrocytes)  of  very  variable  size 
begin  to  appear  amongst  the  nucleated  cells,  and  these  last  become  relatively 
fewer  in  number.  Before  the  middle  of  intrauterine  life  the  erythroblasts 
have  nearly  disappeared  from  the  blood,  and  their  place  is  taken,  as  in  the 
adult,  by  erythrocytes,  the  erythroblasts  being  confined  to  bone-marrow, 
and  the  various  changes  in  them  which  lead  to  the  development  of 
erythrocytes,  now  taking  place  in  the  marrow  instead  of  in  the  blood-vessels 
as  is  the  case  in  the  early  embryo'  (figs.  56,  57). 

The  multiplication  of  erythroblasts  by  mitosis,  and  the  formation  from 
them  of  erythrocytes,  is  found  to  go  on  in  the  blood-vessels  of  the  embryonic 


Fig.  59. — Blood-corpuscles  developing  within  oonnective-tissub  cells. 

if,  a  cell  containingr  diffused  hsemoglobin !  6,  a  cell  filled  with  coloured  globules ;  c,  a  cell  con- 
taining coloured  globules  in  the  protoplasm,  within  which  also  are  numerous  vacuoles ;  (2,  an 
elongated  cell  with  a  cavity  in  its  protoplasm  occupied  by  fluid  and  blood-corpuscles  mostly 
globular  ;  e,  a  hollow  cell,  the  nucleus  of  which  has  multiplied.  The  new  nuclei  are  arranged 
around  the  wall  of  the  cavity,  the  corpuscles  in  which  have  now  become  discoid ;  /,  shows 
the  mode  of  union  of  a  *'  hEemapoietic  "  cell,  which  in  this  instance  contains  only  one  corpuscle, 
with  ^e  prolongation  (6Z)  of  a  previously  existing  vessel. 

liver  long  after  it  has  ceased  to  be  observed  in  other  vessels  (fig.  58). 
According  to  Maximow  it  is  not  confined  to  the  blood-vessels,  but  goes  on 
also  in  the  hepatic  tissue  between  the  vessels.  In  birds  it  continues  to 
occur  throughout  life  within  the  blood-vessels  of  the  bone-marrow. 

Erythrocytes  are  also  formed  at  a  somewhat  later  stage  of  development 
within  certain  cells  of  the  connective  tissue  (vasoformative  cells),  a  portion 
of  the  substance  of  the  cell  becoming  coloured  by  haemoglobin,  apd  separated 
into  globular  particles  (fig.  59,  a,  b,  c),  which  are  gradually  moulded  into 
disk-shaped  red  corpuscles.  In  the  meantime  the  cells  become  hollowed  out, 
and  join  with  similar  neighbouring  cells  to  form  blood-vessels  (fig.  59,  d,  e,f). 
The  process  is  therefore  somewhat  different  from  that  in  the  early  embryo 
since  cell-huclei  are  not  included  in  the  hasmoglobin-holding  protoplasm  from 
which  the  erythrocytes  are  formed. 
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Fjci.  00.— .Sections  of  red  markuw,     (Camegie  Dickson.) 

A,  Majriiifled  «  diameters.     B,  Magnified  300  diameters. 
Tlie  clear  spares  are  due  to  the  presence  of  fat-cells. 
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It  has  been  suggested  by  some  writers  that  the  vasoformative  cells  containing 
coloured  corpuscles  in  various  stages  of  formation  are  in  reality  portions  of  an 
already  formed  vascular  network  which  is  undergoing  atrophy  ;  and  that  the 
corpuscles  within  such  cells  are  not  in  process  of  formation  but  of  disappearance. 
But  since  the  appearances  in  question  are  seen  in  parts  in  which  vasculiar  tissues 
(such  as  fat)  are  undergoing  not  atrophy  but  formation  ;  and  since,  moreover,  the 
hsematoidin  crystals  and  pigment  granules  which  are  characteristic  of  the  dis- 
integration of  erythrocytes  within  cells  are  not  present,  it  seems  more  reasonable 
to  interpret  the  appearances  as  indicative  of  intracellular  development  of  blood- 
corpuscles  by   differentiation  of  part   of  the  protoplasm   of    the   vasoformative 
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EiG.  61. — Red  marrow  or  young  rabbit.     Magnified  450  diameters. 

e,  erythrocytes  ;  e',  erythroblasts  ;  e",  a  coloured  cell  undergoing  mitotic  division  ;  I,  a  polj'morph 
leucocyte ;  m,  ordinary  myelocytes ;  m',  myelocytes  undergoing  mitotic  division  ;  eo,  an 
eosinophil  myelocyte  ;  6,  a  basiphil  myelocyte ;  m«y,  a  giant-cell  or  megakaryocyte. 


mesenfihyme  cell,  rather  than  as  a  degeneration  of  already  formed  blood-vessels 
and  blood-corpuscles. 

Formation  in  bone-marrow. — The  marrow  of  bone  is  of  a  yellow  colour 
in  the  shafts  of  the  long  bones  of  most  animals,  and  is  there  largely  composed 
of  adipose  tissue,  but  in  the  shafts  of  the  long  bones  of  some  animals,  and 
in  the  cancellated  tissue  of  most,  it  has  relatively  few  fat-cells,  and  is  usually 
.  red,  the  colour  being  mainly  due  to  the  large  amount  of  blood  in  its  vessels. 
This  red  marrow  (figs.  60,  61)  is  chiefly  composed  of  protoplasmic  cells — the 
myelooytes  or  marrow- cells — which  resemble  rather  large  blood-leucocytes, 
and,  like  these,  are  amoeboid.  They  also  exhibit  the  same  kind  of  differences 
as  to  the  character  of  the  granules  which  they  contain,  some  being  oxyphil 
and  others  amphophil  or  neutrophil.  But  while  the  blood-leucocytes  rarely 
contain  any  coarse  basiphil  granules,  some  of  the  marrow-cells  contain  these 
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in  considerable  numbers.  There  are  also  to  be  seen  mingled  with  the  marrow- 
leucocytes  a  number  of  corpuscles  somewhat  smaller  in  size,  nucleated,  and 
at  least  some  of  them  amoeboid,  but  of  a  reddish  tint  (fig.  61,  e').  These 
cells,  which  by  mitotic  division  produce  erythrohlasts,  resemble  the  nucleated 
coloured  corpuscles  of  the  embryo. 

They  vary  in  size,  most  measuring  about  -007  mm.  (normoblasts),  but 
some  being  considerably  larger  (megaloblasts),  and  others  considerably 
smaller  (microblasts).  The  red  disks  are  formed  from  the  erythrohlasts  by 
the  nucleus  disappearing  and  the  coloured  protoplasm  becoming  moulded  into 
a  discoid  shape.  At  what  time  this  formation  of  blood-corpuscles  in  the 
bone-marrow  begins  has  not  been  ascertained,  but  after  it  has  commenced 
it  continues  throughout  the  whole  of  life — the  red  marrow,  especially  that 
of  the  ribs,  being  especially  active  in  this  respect.  In  mammals  the  multi- 
plication of  nucleated  coloured  corpuscles  appears  to  take  place  wholly  within 
the  tissue  of  the  marrow  external  to  the  blood-vessels.  It  is  uncertain  to 
what  extent  the  capillary  vessels  of  the  marrow  are  limited  by  a  complete 
endothelium  (see  next  page),  but  in  any  case  the  formed  erythrohlasts  seem 
to  readily  pass  into  the  blood  stream.  In  birds  the  formation  of  erythrohlasts 
is  confined  to  the  large  blood- channels  of  the  marrow,  and  the  transformation 
into  erythrocytes  occurs  within  these  channels. 

Many  of  the  erythrohlasts  in  the  marrow  are  in  process  of  mitotic 
division.  Others  are  seen  with  the  nucleus  in  a  more  or  less  atrophied 
condition :  from  this  it  is  inferred  that  the  transformation  into  a  discoid 
blood-corpuscle  is  accompanied  by  the  disappearance  of  the  nucleus.  Whether 
this  eventually  becomes  extruded  or  simply  undergoes  complete  atrophy 
is  uncertain.  The  marrow  also  contains  a  number  of  very  large  cells,  the 
giant-cells  or  myeloplaxes  of  Robin  (fig.  61,  meg ;  fig.  62).  Gtiant-cells  are 
especially  numerous  wherever  bone  is  becoming  absorbed,  but  are  not 
confined  to  such  ■  situations,  being  normal  constituents  of  adult  red  marrow. 
Sometimes  they  possess  several  nuclei,  but  most — the  so-called  megakaryocytes 
— contain  but  one  large  nucleus,  which  has  usually  an  annular  form,  is 
lobulated,  and  contains  a  number  of  nucleoli.  They  are  also  characterised 
by  possessing  a  number  of  centrioles  grouped  together  near  the  centre. 
Giant-cells  are  found  in  all  blood-forming  organs,  e.g.  the  lymph-glands  and 
spleen  of  young  animals,  as  well  as  in  bone-marrow.  Under  pathological 
conditions  they  may  occur  in  many  other  tissues.  It  has  been  suggested  by 
Wright  that  they  give  origin  to  the  blood-platelets. 

Cells  are  sometimes  found  in  marrow  containing  blood-corpuscles  in 
various  stages  of  transformation  into  pigment,  similar  to  those  which  occur 
in  the  spleen-pulp. 

The-.marrbw  is  very  vascular,  the  capillaries  and  veins  being  large  and 
thin-walled ;  indeed,  according  to  some  authorities,  the  walls  of  the  capillaries 
are  imperfect,  so  that  there  is  an  open  communication  between  them  and 
the  interstices  of  the  tissue,  and  in  this  way  it  is  supposed  that  the  coloured 
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blood-disks  whicli  are  produced  from  the  erythroblasts  of  the  marrow  may 
get  into  the  circulation.  There  is  not,  however,  an  interstitial  circulation 
of  blood  in  the  marrow  such  as  is  found  in  the  spleen,  nor  does  injection 
material  such  as  carmine  gelatine  pass  into  the  interspaces  of  the  tissue  ; 
but  it  remains  confined  to  the  vessels,  so  that  the  existence  of  an  open  com- 
munication is  improbable. 

Development  of  white  corpuscles. — Leucocytes  occur  originally  as  free 
mesenchyme  cells,  and  are  believed  to  find  their  way  into  the  vessels  from 
the  circumjacent  mesoderm.  Some  authors  state  that  they  are  produced 
bj'  division  of  the  primitive  blood-cells,  some  of  these  forming  primitive 
lymphocytes,  others  primitive  erythroblasts.     According  to  most  authors  they 


Fill.  62. — (tiast-cell  of  m.arrow  (rabbit)  with  anntlar  m'clei's  ami 

NTMEROUS  CE.NTRiOLES.     (M.  Heidenliaiii, ) 

a,  h,  c,  d,  zones  in  protoplasm. 

do  not  occur  within  the  first-formed  blood-A-essels  of  the  embryo.  They  are 
not  seen  within  the  vasoformative  cells.  In  later  stages  of  fcetal  life 
and  during  the  whole  of  post-embryonic  life  they  become  formed  in  the 
bone-marrow,  as  well  as  in  lymph-glands,  in  the  Malpighian  corpuscles  of  the 
spleen,  and  in  other  organs  composed  of  lymphoid  tissue  ;  the)'  pass  from 
these  directly  into  the  lymphatics  and  into  the  blood. 

It  is  regarded  as  probable,  but  has  not  been  ascertained  with  certainty, 
that  the  macrocytes  are  formed  by  enlargement  of  the  lymphocytes.  Some 
authors  believe  that  the  lymphocytes  give  origin  to  all  the  various  kinds 
of  leucocytes.  Others,  on  the  other  hand,  consider  that  the  polymorphocytes 
and  the  coarsely  granular  oxyphil  leucocytes  are  formed  within  the  bone- 
marrow,  which  contains  cells  of  similar  character.  Leucocytes  with  well- 
marked  basipliil  granules  are  also  met  with  in  bone-marrow  ;  these  sometimes, 
under  abnormal  conditions,  pass  in  large  numbers  into  the  blood,  which 
normally  does  not  contain  any  such  cells  in  the  adult  human  subject. 
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LESSON   IV. 

ACTION   OF   REAGENTS   UPON  THE   HUMAN  BLOOD 

CORPUSCLES. 

1.  Make  a  preparation  of  human  blood,  and  apply  a  small  drop  of  water  at  one 
.  edge  of  the  coverTglass.  Examine  at  a  place  where  the  two  fluids  are  becoming 
inixed.  Notice  particularly  the  first  effect  of  water  upon  both  red  and  white 
corpuscles,  as  well  as  the  ultimate  action. 

Sketch  both  kinds  of  corpuscles  under  the  action  of  water. 

2.  Eepeat  on  another  preparation,  using  very  dilute  alkali  (0'2  per  cent,  caustic 
potash)  instead  of  water.  Notice  the  complete  solution  first  of  the  white  and  then 
of  the  coloured  corpuscles  as  the  alkali  reaches  them. 

3.  Repeat  on  another  preparation,  using  dilute  acetic  acid  (1  per  cent.). 
Observe  that  the  effect  of  the  acid  upon  the  coloured  corpuscles  is  similar  to  that 
of  water,  but  that  it  has  a  different  action  upon  the  colourless  corpuscles. 

Sketch  two  or  three  of  the  latter  after  the  action  is  completed. 

4.  Make  a  preparation  of  blood  mixed  with  salt  solution,  as  in  Lesson  II.  2, 
and  investigate  the  action  of  tannic  acid  (1  part  tannic  acid  to  ■  100  of  distilled 
water)  in  the  same  way. 

Sketch  two  or  three  coloured  corpuscles  after  the  action  is  complete. 

5.  Examine  blood-crystals  of  rat,  guinea-pig,  and  squirrel.  They  can  be 
obtained  from  these  animals  by  merely  mixing  blood  with  a  little  water,  and  can 
be  preserved  in  glycerine  or  Farrant,  or,  after  dehydration,  in  dammar. 

6.  Prepare  hsemin  by  heating  a  dry  smear  of  blood  on  a  slide  with  glacial  acetic 
acid.  It  is  not  necessary  to  add  salt  since  this  is  present  in  the  blood.  The 
crystals  of  hsemin  are  permanent. 


Structure  of  erythrocytes. — The  action  of  reagents  upon  the  human  red 

blood-corpuscles  shows  that,  although  to  all  appearance  homogeneous,  they  in 

u       h         c         (If         reality  consist  of  an  external  envelope  of  colour- 

8      a      ^      e\    (~\      less  matter  which  forms  a   thin  film   encl9sing 
^      W  the  dissolved  coloured  material  or  hcemoglohin. 

Thus,    when    water    reaches    the    corpuscle,    it 
r~^      passes  through  the  film  and  swells  the  corpuscle, 
"y  fj         causing  it  to  become  globular;  eventually  the 

^"*-  6^-  film  is  burst,  or  is  sufficiently  distended  to  allow 

'  a  red  oorpuBoie ;  /™effeot'' o"?  ^l*®  solution  of  haemoglobin  to  escape  through 
tanteLd.  ""=  ■"'  '"'"'  °'  its  pores,  the  colourless  envelope  (the  so-called 
stroma)  being  left  (fig.  63,  a  to  e).  The  addition 
of  hyperisotonic  solution  of  salt,  on  the  other  hand,  by  increasing  the 
density  of  the  fluid  in  which  the  corpuscles  float,  causes  difiusion  of  water 
out  of  the  corpuscle,  and  consequent  shrinking  and  corrugation  of  the 
surface,  a  crenated  or  thornapple  form  (fig.  63,/)  being  produced.    The  same 
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change  is  brought  aboat  by  evaporation  of  water,  if  the  blood  is  exposed  to 
air.  The  separation  of  hsemoglobin  from  the  corpuscle  can  be  effected  not 
only  by  water,  but  also  by  dilute  acids,  by  the  action  of  heat  (60°  C),  the 
freezing  and  thawing  of  blood,  the  action  of  ether  or  chloroform,  and  the 
passage  of  electric  shocks.  Bile  and  dilute  alkalies  rapidly  cause  the  r^ 
corpuscles  to  become  spherical  and  then  almost  instantly  effect  their  complete 
solution  (haemolysis).  The  mixing  of  blood  from  one  species  of  animal  with 
the  blood  or  serum  of  animals  of  other  Species  has  a  similar  effect.  In  this 
case  the  hsemolytic  action  is  exerted  by  a  constituent  (hemolysin)  of  the 
foreign  blood,  which  is  special  for  each  species  and  against  which  the  "host" 
can  render  itself  immune  if,  prior  to  any  large  quantity  of.  the  foreign  blood 
or  serum  being  injected,  successive  small  injections  be  made ;  an  "  anti- 
hsemolysin  "  being  gradually  produced.  This  fact  is  not  only  of  interest  as 
bearing  upon  the  general  doctrine  of  immunity,  but  can  also  serve  to  detect 
the  source  of  a  given  sample  of  blood. 

Tannic  acid  produces  a  peculiar  effect  upon  the  red  corpuscle  (fig.  63,  g)  \ 
the  haemoglobin  is  discharged  from  the  corpuscle,  but  is  immediately  altered 
and  precipitated,  remaining  adherent  to  the  envelope  in  the  form  of  a  round 
or  irregular  globule  of  a  brownish  tinge  (heematin  ?). 

Some  of  these  reactions  occur  by  a  process  of  osmosis  as  in  the  case  of  water, 
but  in  others  a  solution  of  the  envelope  of  the  corpuscle  is  produced  by  the  reagent, 
or  the  envelope  is  altered  and  rendered  more  porous  so  that  the  hsemoglobin  is  able 
to  escape.  The  film  or  envelope  is  probably  composed  of  protoplasm,  containing,  as 
is  always  the  ease,  besides  nucleo-prote^ids,  lipoids,  such  as  lecithin  and  cholesterol ; 
substances  which  possess  many  of  the  physical  properties  of  fats.  If  we  assume 
that  they '  are  accumulated  so  as  to  form  an  external  film  to  the  ooipuscle,  the 
running  of  the  red  disks  into  rouleaux  can  readily  be  explained,  since  it  has  been 
shown  by  Noi-ris  that  disks  of  any  material,  e.g.,  cork,  suspended  in  a  fluid,  tend 
in  the  same  way  to  adhere  in  rouleaux,  provided  their  surfaises  are  covered  with  a 
layer  which  is  not  wetted  by  the  fluid.  The  fact  that  no  rent  is  ever  seen  in  the 
envelopes  of  the  red  corpuscles  even  when  they  appear  to  have  burst  may  also  be 
explained  on  the  same  hypothesis,  for,  if  the  external  film  is  of  a  fatty  nature,  any 
rent  in  it  would  tend  immediately  to  close  up  again  when  the  opposed  edges  come 
into  contact.  It  was  further  shown  by  Norris  that  droplets  of  fluid  encompassed 
by  a  lipoid  film  have  a  tendency  to  assume  a  flattened  shape  ;  this  suggests  an 
explanation  of  the  flattened  form  of  the  erythrocyte.  ~ 

The  envelope  of  the  erythrocyte  was  termed  the  sinroma  by  Eollett,  a 
name  which  rests  upon  a  false  conception  of  the  structure  of  the  corpuscle.  '  In 
adopting  the  name,  he  supposed  that  the  coi'pusele  is  formed  of  a  homogeneous 
solid  or  semi-solid  protein  material,  in  the  pores  of  which  the  haemoglobin  is 
contained.  But  there  is  no  reasonable  foundation  for  this  belief,  which  has  nothing 
in  its  favour  and  wholly  fails  to  explain  the  well-known  osmotic  phenomena  of 
the  corpuscle' ;  \^hereas  the  supposition  that  the  corpuscle  consists  of  an  envelope 
enclosing  coloured  fluid  is  in  accordance  with  all  the  known  faijts  regarding  the 
action  of  reagents  upon  these  bodies.  It  is  true^  that.in  the  freshmammalian 
corpuscle  the  envelope  is  too  delicate  to  be  actually  observed  in  the  optical  section 
of  the  corpuscle,  but  in  the  blood-corpuscles  of  Amphibia  it  can  be  distinctly  seen, 
and  with  .any  slight  increase  in  density  of  the  .plasma  it  tends  to.  become 
wrinkled  and  creases  are  then  plainly  visible  in  it.  In  these  corpuscles  also.the 
nucleus  becomes  readily  displaced,  in  freshly  drawn  blood,  from  its-  position  in 
the,  centre  of  the  corpuscle  and  may  lie.  quite  at  the  side  (fig.  77)-;  thiS-is  a  clear 
indication  pf  the  fluid  nature  of  !the  contents  of  the .  corpuscle^  and  by  analogy  Ve 
may  fairly  assume  a  similar  constitution  for  the  mammalian  corpuscle.  '  Lastly, 
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it  is  possible  to  show  the  envelope  of  the  red  corpuscles  of  mammalia  by  staining 
with  methyl  violet  and  other  dyes. 

Blood-crystals— Haemoglobin.— In  the  blood  of  many  animals  (fig.  64),  crystals 


Fig.  64. — Blood  crystals,  magnified. 
1,  from  human  blood ;  2,  from  the  guinea-pig ;  3,  squirrel ;  4,  hamster, 

of  haemoglobin  readily  form  after  this  substance  is  extracted  from  the  red  corpuscles 
although  it  never  crystallises  within  them,  being  kept  in  solution  by  some  means 
which  is  not  fully  understood.  The  crystals  are  rhombic  prisms  in  man  and 
most  animals,  but  tetiahedra  in  the  guinea-pig,  and  hexagonal  plates  in  the 
squirrel.     In  many  animals  they  at  once  appear  on  shaking  up  the  blood  with 
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Fig.  65.— Sjsmin  Orystals,  mag-  Pig.  66.— H^matoidin  crystals. 

NiFiED.     (Preyer.)  (Prey.) 

chloroform  or  ether,  or  even  on  the  mere  addition  of  water,  with  or  without  sub- 
sequent evaporation,  but  in  others  and  in  man  they  are  more  difficult  tO  obtain. 

.  Hamin.— This  name  was  applied  byTeichmann  to  the  minute  dark-brown  rhombic 
crystals  of  hydrochlorate  of  hsematin  (fig.  65),  which  are  formed  when  dried  blood 
from  any  source  whatever  is  heated  with  glacial  acetic  acid. 
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Hsematoidin. — This  ooeurs  in  the  form  of  brownish-yellow  crystals  (fig.  66). 
it  is  found  in  old  blood  extravasations  and  in  other  places  where  blood-corpuscles 
are  undergoing  disintegi-ation  within  the  tissues. 

Action  of  reagents  on  leucocytes. — The  structure  of  the  colourless 
corpuscles  is  also  brought  out  by  the  action  of  some  of  the  reagents  above 
noticed.  As  the  water  reaches  them  their  amoeboid  movements  cease ;  they 
become  swollen  out  into  a  globular  form  by  imbibition  of  fluid  (fig.  67,  1), 
and  the  granules  within  the  protoplasm  take  on  an  active  Brownian 
motion.  The  nucleus  also  becomes  clear  and  globular,  and  is  more  con- 
spicuous than  before.  With  the  further  action  of  water,  the  corpuscle 
is  disintegrated  and  the  granules  are  set  free. 


Fig.  67. 

1,  first  effect  of  the  action  of  water  upon  a  white  blood-corpuscle  ;  2,  -i,  white  coi'ijuscles 
treated  with  dilute  acetic  acid ;  re,  nucleus. 

Acids  have  an  entirely  different  action  upon  the  white  corpuscles. 
Their  nuclei  become  shrunken  and  very  distinct  (fig.  67,  2  and  3),  and 
a  granular  precipitate  is  formed  in  the  protoplasm  around  the  nucleus. 
At  the  same  time,  a  part  of  the  protoplasm  generally  swells  out  so  as  to 
form  a  clear  bleb-like  expansion  (an  appearance  which  also  often  accompanies 
the  death  of  the  corpuscle  from  other  causes).  Caustic  alkalies,  even  as 
dilute  as  two  parts  per  1,000  of  saline,  rapidly  cause  complete  destruction 
and  solution  of  the  white  corpuscles. 
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LESSON  V 
THE   BLOOD-CORPUSCLES  OF  AMPHIBIA. 

I.  Obtain  a diop  of  frog's,  toad's  or  newt's  blood,  and  mix, it  with  a  very,  small 
quantity  of  Binger's  solution  upon  a  slide.  Examine  with  the  high  iDower, 
Notice  the  shape  of  the  coloured  corpuscles  both  when  seen  flat  and'edgewa3s,  and 
the  nucleus  within  each. 

Measure  ten  corpuscles  (long  and  short  diameters),  and  from  the  results  obtain 
the  average  dimensions  of  a  corpuscle. 

Notice  also  the  colourless  corpuscles,  smaller  than  the  led,  but  larger  than  the 
pale  corpuscles  of  human  blood,  although  otherwise  generally  lesembling  these. 
Spindle-shaped  blood-platelets  may  also  be  seen. 

Sketch  two  or  three  red  corpuscles  and  as  many  white. 

Be  careful  not  to  mistake  the  rounded  liberated  nuclei  of  ciushed  led  corpuscles 
for  pale  corpuscles. 

Enormous  Cells  and  nuclei  belonging  to  the  cutaneous  glands  as  well  as  the 
granular  secretion  of  those  glands  may  be  present  in  this  preparation  if  it  is 
obtained  from  the  newt's  tail. 

2.  Apply  a  di'op  of  water  to  the  edge  of  the  cover-glass  of  the  above  preparation 
and  notice  its  action  upon  the  corpuscles. 

Sketch  two  or  three  corpuscles  altered  by  the  action  of  the  water. 

3.  Mount  another  di'op  of  blood,  and  apply  dilute  acetic  acid  (1  pei'  cent'.) 
instead  of  water  at  the  edge  of  the  cover-glass.  Make  sketches  showing  the  effect 
of  the  acid  upon  both  red  and  white  corpuscles. 

4.  Examine  the  corpuscles  of  newt's  blood  which  has  been  allowed  to  flow  into 
boric  acid  solution  (2  per  Cent.).  Notice  the  effect  produced  upon  the  coloured 
corpuscles.     Sketch  one  oi'  two. 

fi.  Mount  drops  of  glycerine-jelly  containing  (o)  frog's  or  newt's  blood  and 
(fe)  bird's  blood,  previously  fixed  by  Flemming's  solution  and  stained  with  picio- 
carmine. 

6.  Make  film  preparations  of  amphibian  and  bird's  blood  as  desciibed  on  p.  31, 
§  5,  for  human  blood. 


The  coloured  blood-corpuscles  of  Amphibia  (figs.  68,  09),  as  well  as  of 
nearly  all  vertebrates  below  mammals,  are  biconvex  elliptical  disks,  con- 
siderably larger  than  the  biconcave  circular  disks  of  mammals. ^  In  addition 
to  the  coloured  body  of  the  corpuscle,  which  consists,  as  in  mammals-,  of 
hiemoglobin  enclosed-  within  an  envelope,  there  is  a  colourless  nuclei(,s,  also 

^  The  following  are  the  dimensions  in  parts  oi  a  millimeter  of  the  coloured  corpuscles 
of  some  oviparous  vertebrates  : — 

Long  Diameter.  Short  Diameter. 

Pigeon                                                             .            0-0147  0-0065 

i'rog                                                                            0-0223  0-0157 

Newt                                                                           0-0293  0-0195 

I'roteus                                                                       0-0580  0-0350 

Amphmnia                                                     .            0-0770  0  0460 
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of  an  elliptical  shape,  but  easily  becoming  globular,  especially  if  liberated  by 
any  means  from  the  corpuscle.  The  nucleus  resembles  that  of  other  cells 
in  structure,   being  bounded   by   a   membrane   and  having   a  network   of 


Blood-oobp(JSCles  of  frog.     (Ranvier.) 


seen- on  the  flat;  &,  in  optical  section;  c,  in  profile';  y,  a  corpuscle  with  apparent  vacuoles 
(probably  parasitic  organisms  which  are  common  in  frog's  blood-corpuscles) ;  m,  an  amceboid 
leucocyte ;  n,  nucleus  of  an  erythrocyte,  set  free  and  contracted  to  the~spherical  form  ;  fc,  a 
IjTnphocyte  ;  7J,  a  blood-platelet. 


Fig.  69. — Ami'himan  f.rythrooytbs.     Photographs. 
450  diameter,?. 
A  y  from  the  frog.    £,  from  the  toad. 


Magnified 


chromatin.  It  is  not  very  distinct  in  the  unaltered  corpuscle,  but  is  brought 
•clearly  into  view  by  the  action  of  reagents,  especially  acids.  The  action  of 
reagents  upon  the  red  corpuscle  of  Amphibia  is  otherwise  similar  to  that 
upon  the  mammalian  corpuscle,  water  and  acetic  acid  causing  it  to  swell  into 
a  -globular  form  and  then  to  become  decolorised ;  solution  of  salt  causing 
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wrinkling  of  the  envelope,  and  so  on.  As  a  first  effect,  water  and  certain 
other  fluids  may  cause  the  haemoglobin  to  retire  from  the  envelope  at  the 
points  where  the  fluid  is  passing  through  the  membrane  :  a  stellate  appearance 
is  thereby  often  produced.     Boric  acid  causes  the  hfemoglobin  of  the  newt's 


Fill.  70. — Erythrocytes  of  lepidosirkn  jiARVA,  fixed  with  FLEMMiNci's 
soTjUTIOn  and  stained  with  iron-ii.t:matoxylin.     (T.  H.  Bryoe.) 

A,  as  seen  on  the  flat;  5,  in  section.  In  .4  the  fibrils  around  the  edge  are  visible  as  fine  lines  parallel 
to  the  margin  of  the  corpuscle.  In  B  their  sections  are  seen  as  fine  points  just  within  the 
thinnest  part  of  the  edge. 

corpuscle  to  become  partially  or  wholly  collected  around  the  nucleus,  which 
may  then  be  extruded  from  the  corpuscle. 

Immediately  within  the  envelope,  at  the  periphery  of  the  amphibian 
erythrocyte,  is  a  band  of  fine  fibrils  which  are  stained  by  gentian  violet 
(Meves).  As  Bryce  has  shown,  they  can  also  be  seen  cut  across  in  sections 
of  the  corpuscles,  and  may  be  stained  with  iron-hsematoxylin  (fig.  70). 


Flft.    71. — A     blood -PLATELET     OF     SALAMANDRA,     AND     THE     CH.\NOES     WHICH     IT 
UNDERWENT    IMMEDIATELY    AFTER    WITHDRAWAL     OF     THE     BT,00D     FROM    THE 

VESSELS.     (F.  Meves.) 

The  colourless  corpuscles  of  Amphibia,  although  larger,  are  very  similar  to 
those  of  mammals.  Like  them,  they  are  either  wholly  pale  and  finely  granular, 
or  enclose  a  number  of  very  distinct  granules  of  similar  nature  to  those  met 
with  in  mammals.  These  corpuscles  vary  much  in  size  and  in  the  activity 
of  their  amoeboid  movements  :  those  which  have  a  multilobular  nucleus  (fig. 
75)  are  usually  the  most  active.     Reagents  have  the  same  effect  upon  the 
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Flli.  72. — A  BLOOD-PLATELET  01?  SALAMAMDEA,  SHOWING  ITS  IKREGULAK  PROJECTIONS 
AND  riBBINOUS  FILAMENTS  RADIATING    PROM    IT    AND    ATTACHED    TO    ADJACENT 

BLOOD-CORPUSCLES.     (F.  Meves.) 
Two  erythrocytes,  one  free  nucleus,  and  one  polymorph  leucocyte  are  included  in  the  figiire. 


,^ 


Fig.  73. — Microscopic  preparation   or  frog's  blood  showing  the  manner  in 

WHICH    THE   erythrocytes   BECOME  ARRANGED    OWING    TO   THEIR   FIXATION   BY 
THE   CONTRACTING  THREADS   FROM   THE  BLOOD-PLATELETS.      (Rainier.) 
o,  position  of  groups  of  blood-platelets ;  h,  erythrocytes  along  a  line  uniting  two  groups. 
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amphibian  leucocytes  as  on  those  of  mammals.  The  presence  of  glycogen 
may  be  demonstrated  in  them  by  its  reaction  with  iodine  solution  (port-wine 
colour). 

The  blood-platelets  (thrombocytes)  in  the  frog  are  much  fewer  in  number 
than  in  mammals.  They  are  of  a  spindle  shape  (fig.  68,  p).  They  contain  a 
nucleus-like  body,  and  like  the  blood-platelets  of  mammals  they  show  rapid 
changes  as  soon  as  the  blood  is  drawn.  These  changes  are  represented  in  the 
accompanying  figures  (figs.  VI  and  72)  from  Meves.  The  elongated  corpuscle 
first  contracts  and  becomes  more  globular,  its  nucleus  also  changing 
similarly  in  shape.  Irregular  processes  then  begin  to  be  protruded,  and 
very  soon  fine  threads  are  shot  out  radially  in  all  directions.  These  become 
attached  to  those  of  other  platelets,  or  to  any  solid  object  which  may  be  in 
the  vicinity  of  the  platelet.  The  filaments,  which  appear  to  be  of  a  fibrinous 
nature,  and  may  possibly  be  threads  of  fibrin,  then  begin  to  retract  and 
drag  upon  the  objects  which  are  entangled  by  them.  In  this  manner  a 
number  of  erythrocytes  may  be  drawn  together  towards  a  common  centre 
and  assume  a  more  or  less  radial  arrangement  (fig.  73).  Probably  similar 
changes  occur  in  the  blood-platelets  of  mammalian  blood  after  it  is  drawn. 
It  is  believed  that  such  entanglement  of  blood-platelets  and  other  corpuscles 
may  serve  rapidly  to  plug  small  apertures  in  blood-vessels  caused  by  injury, 
and  thus  serve  to  aid  in  arresting  hemorrhage. 


LESSOR'    V]. 

THE  AMCEBOID  PHENOMENA  OF  THE  COLOURLESS 
BLOOD-CORPUSCLES. 

1.  Make  a  piepaiation  nf  blood  from  the  linger  in  the  usual  way.  Draw  a  biiish 
just  moistened  with  pui'e  paraffin  oil  ai'ound  the  edge  of  the  cover-glass  to  pi'event 
evapoi-ation.  Avoid  an  excess  of  oil.  Place  the  preparation  upon  a  "A\arm  stage," 
and  heat  this  to  about  tlie  temperature  of  the  body  (38°  C).  Bring  a  white 
corpuscle  under  observation  witli  the  liigli   power,  and  watch  tlie  changes  of  shape 


Fk; 


\rr.\B.\TFS,    COMI'LETK,    SHOWN     IN    OCKRATION. 


whicli   it  uudejgcjes.     To  liecome  convinced  of  these  alterations  in   f(]rui,   make  a 
series  of  outline  sketches  of  the  same  coi-puscle  at  intervals  of  a  minute. 

Tlie  simplest  form  of  warm  stage  is  a  copper  plate  of  about  the  size  of  an 
oidinary  slide,  perfoiated  in  the  centre  and  with  a  long  tongue  of  the  same  metal 
projecting  from  the  middle  of  one  edge  (fig.  74).  The  copper  plate  rests  upon  the 
stage  of  the  microscope,  with  a  piece  of  asbestos  or  othei'  ntui-conducting  niateiial 
between.  The  prepaiution  is  made  upon  an  ordinary  slide  or  on  a  long  cover-glass, 
which  is  placed  upon  the  wai'ui  stage  and  pressed  into  contact  with  it  by  the  biass 
clips  of  the  microscope.  Heat  is  applied  to  the  copper  tinrgne  by  a  small  spirit-lani]) 
flame,  and  a  greater  or  less  amount  is  conducted  to  the  warm  stage  and  the 
superjacent  prejmration  accoi'ding  to  the  point  to  which  the  flame  is  applied.  To 
ascertain  that  the  right  temperature  is  got  and  maintained,  put  two  pieces  of  solid 
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paraffiu,  one  melting  at  35°  C.  (95"  F.)  and  another  at  .38'  C!.  (100'  F.),  one  on  either 
side  of  the  pieparation.  The  temperature  must  be  such  that  the  tiist  piece  is 
melted  and  remains  so  whilst  the  second  remains  unmelted.' 

2.  Mount  a  drop  of  frog's  or  newt's  blood  diluted  with  an  equal  amount  of 
salt  solution,  and  examine  it  in  the  same  manner  upon  the  coppei'  stage,  at  first 
cold,  afteiwai-ds  waiui  ;  the  tempei'ature  must,  however,  be  kept  lielow  30'  C. 
Observe  the  effect  of  warmth  in  accelerating  the  amreboid  movements  of  the  pale 
corpuscles.  Sketch  one  at  inteivals  of  a  minute  (a)  in  the  cold,  (h)  whilst 
warmed. 

3.  Take  some  yeast  which  has  been  mixed  with  salt  solution,  and  mix  a  veiy 
little  of  the  yeast  and  salt  solution  with  a  fresh  drop  of  newt's  Vjlood,  slightly 
oiling  the  edge  of  the  cover-glass  as  before.     Endeavour  to  observe  the  inception 
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Fk;.     75. — A    POLYMOKPH    JJJUCOCYTK    OF     TRITON      KIXED      HV      STEAM     TN     AJNKEBOIU 

(JONDiTiON    AND    .STAINED     WITH    h.t:matoxyi,ix.       Untouched     photograph. 
Magnified  1360  diameters. 
Notice  the  homogeneous  appearance  of  tlie  protoplasm  of  the  pseudopodia  as  compared  with  that 
of  the  body  of  the  corpuscle.    The  nucleus  is  multilohed,  the  lohea  being  joined  by  threads 
of  chromatin.     Its  reticular  stnicture  is  well  .shown. 

of  the  yeast-torul*  by  the  white  corpuscles.     Sketch  one  or  two  corpuscles  which 
have  ingested  torulfe. 

Particles  of  carbon  or  of  vermilion  may  be  used  instead  of  yeast  for  this 
experiment. 

4.  At  the  beginning  of  the  lesson  collect  a  drop  of  newt's  or  frog's  blood  into 
a  \'ery  fine  capillary  tube.  After  a  few  minutes  it  will  be  coagulated  and  the 
clot  may  then  be  blown  out  into  a  drop  of  salt  solution  on  a  slide  and  covered. 
Kxamine  the  edge  of  the  clot  to  see  white  corpuscles  emigrating  from  it. 

5.  To  obtain  a  specimen  with  the  white  corpuscles  fixed  in  amoeboid  condition, 
a  preparation  of  newt's  blood  mixed  with  salt  solution  is  made,  and  set  aside 
for  ten  minutes.  By  this  time  the  corpuscles  will  be  freely  amceboid  and 
may  show  well-marked  pseudopodia.  To  fix  them  in  this  condition  let  a  jet  of 
steam  from  a  tube  attached  to  a  boiling  tlask  or  kettle  of  water  play  for  a 
second  upon  the  cover-gla.ss.  The  heat  instantly  kills  the  corpuscles,  and  they  are 
fixed  in  the  form  they  presented  at  the  moment  the  steam  was  applied.     Thev 

'  For  exact  work,  an  apparatus  somewhat  more  complex  than  the  above  is  reouired 
For  description  of  such  apparattis,  see  the  author's  Courxe  of  Practical  Histology. 
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may  now  be  stained  hy  passing  dilute  iKeniatoxyliu  '  undei-  tlie  covei'-glass,  the 
stain  being  followed  by  dilute  glycerine.  When  this  has  diffused  thi'ough  the 
preparation  (it  must  not  lie  drawn  under  by  filter  ])aper),  the  rover  may  he 
cemented  and  the  preparation  kept. 


The  amoeboid  plienomena  which  are  exhibited  lay  the  protopla.sni  of  the 
colourless  blood-corpuscles  con,sist  of  spontaneous  changes  of  form,  produced 
by  the  throwing  out  of  processes  or  ps^eiidopodia  in  various  directions.  When 
first  thrown  out  the  pseudopodia  are  quite  clear  ;  they  appear  to  be  compo.sed 
only  of  the  hji-aloplasm  which  flows  out  in  any  direction  in  which  the 
surface  tension  is  for  the  moment  diminished  (see  p.  1).  If  the  corpuscle  is 
stimulated,  either  mechanically,  as  by  tapping  the  cover-glass,  or  electrically, 
the  pseudopodia  are  retracted,  the  corpuscles  becoming  spherical.      A  change 


Fro.  76. — An  EosiNorniT,  leucocytk  of  s.iL.vsi.vNDKA  beginning  to  aoheke 
TO  .\N  EKYTHROCYTE.  Perfect!}'  fresh  preparation  without  addition  of  fluid. 
Untouched  photograph.     Magnified  600  diameters. 

Two  other  erythrocyte.'*  are  inchided  in  the  field.     Notice  that  the  nuclei  in  these  h<a\e  nndert^ojie 
ii  change  of  position  within  the  corpuscle,  showing'  that  its  contents  must  be  completely  fluid. 

of  form  caused  by  the  protrusion  of  the  pseudopodia  may,  when  active,  be 
followed  by  changes  in  place  or  actual  locomotion  (migration)  of  the  corpuscle. 
When  a  pseudopodium,  or  the  external  surface  of  the  protoplasm,  comes  in 
contact  with  any  foreign  body,  the  protoplasm  tends  to  flow  round  and 
enwrap  it ;  if  it  is  small,  it  is  drawn  into  the  corpuscle  ;  particles  thus 
ingested  may  be  conveyed  by  the  corpuscle  in  its  movements  from  one 
place  to  another  (fig.  78).  This  property  plays  an  important  part  in  many 
physiological  and  pathological  processes;  thus  cells  in  the  spleen  resembling 
large  leucocytes— the  so-called  splenic  cellx — take  in  blood-corpuscles,  which 
become  broken  down  within  them;  and  pathogenic  bacteria  become  taken  into 
the  protoplasm  of  certain  leucocytes  (on  this  account  termed  'phaf/ocijles),  there  to 

^  The  water  used  for  the  dilution  of  hjematoxylin  solutions  must  always  l)e  distilled. 
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be  destroyed  (Metchnikolt).  The  phagocj'tic  properties  of  the  leucocytes  become 
especially  developed  as  the  result  of  the  action  upon  the  bacteria  of  certain 
substances  which  are  present  to  a  variable  extent  in  blood  and  are  termed 


Fl(i.     77.— A      lIIIiHLV     AMreBOID      rHAOnCYTTC      I'OLYHOKI'H      LKI'c '0(  VTI-;      (iK      SALA- 

MAMiRA,  KNVET.iiPiN'i:    AN    EKYTUKOCYTK  (a   portion   Only  of   this    is   included 
in  the  field).      Untouched  instantaneous  photograph,      iliigjiified  6011  dianieter.s. 
]''<:mr  other  ei\\thr<>(.-ytL's  nre  seen. 

(ipsoni'lis  (Wright).     '^I'hey  are  also  stimulated  by  all  agents  which  act  upwn 
the  lipoid  substances,  which  form,  it  is  Vjelieved,  a  delicate  surface  film  over 


Jl 
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Flo.     7*^. Cn.VN'liES     OF     KOKM     (IF     A     WUITK      F.LOO  II.COKl"rS< 'l,K      SKETI'HEll      AT     IN- 

tf;r\als    of    a     few    minutes,    showino    the    inception    of    two    small 
(iranules   .\ni1   t][e   c|[anoks    of    1'0s[ti0n    these    rnilerwent    within    the 

rORlTSCEE. 

the  protoplasm  of  all  amceboid  cells,  and  Hamburger,  who  makes  this  obser- 
\ation,  points  out  that  the  beneficial  action  of  certain  medicinal  remedies  is 
probabl\-  due  to  the  fact  that  they  influence  the  leucocytes  of  the  blood  in 
this  manner  and  tend  to  increase  their  phagocytic  activity. 
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It  is  probable  that  particles  of  organic  matter  which  are  taken  up  by 
the  pale  corpuscles  may  undergo  some  slow  process  of  intracellular  digestion 
within  the  protoplasm. 

The  migration  of  the  colourless  corpuscles  .from  the  blood-vessels  into 
the  surrounding  tissues  (which  especially,  occurs  in.  inflamed  parts),  or  from 
a  bloodclot  into  the  surrounding  serum,  is  due  to  their  amoeboid  properties. 

Conditions  which  are  favourable  to  the  amoeboid  activity  of  the  white 
corpuscles  are  (1)  the  natural  slightly  alkaline  medium,  such  as  plasma, 
serum,  or  lymph,  or  faintly  alkaline  normal  saline  solution;  (2)  a. certain 
temperature.  In  warm-blooded  animals  the  phenomena  cease  below  about 
10°  C.  "When  gradually  warmed  the  white  corpuscles  become  more  and 
more  active  up  to  a  certain  point,  the  maximum  being  a  few  degrees  above 
the  natural  temperature  of  the  blood.  Above  this  point  they  become 
spheroidal  and  at  a  somewhat  higher  temperature  their  protoplasm  is 
coagulated  and  killed.  Acids  at  once  kill  the  corpuscles  and  stop  the  move- 
ments. Narcotic  gases  and  vapours,  such  as  carbonic  acid  gas  or  chloroform 
vapour,  also  arrest  the  movement,  but  it  recommences  after  a  time  if  their 
action  is  not  too  prolonged. 

Any  increase  of  density  of  the  medium  produces  a  diminution  of  amoeboid 
activity,  whilst,  on  the  other  hand,  a  slight  decrease  in  its  density  has  the 
opposite  effect. 

Jolly  found  that  if  blood-plasma  is  preserved  in  sealed  aseptic  tubes, 
the  white  corpuscles  may  retain  their  vitality  for  as  long  a  period  as  four 
and  a  half  months. 
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LESSON   VII. 
EPITHELIUM  AND  SECRETING  GLANDS. 

1.  MoiNT  a  drop  of  saliva  and  examine  first  with  a  low,  afterwards  with  a 
high  jjower.  Observe  the  nucleated  epithelium-cells,  some  single,  and  othei's  still 
adhering  together  by  overlapping  edges.  Measure  three  or  four,  and  also  their 
nuclei.  Sketch  one  or  two  on  the  flat  and  edgeways.  Notice  the  salivary 
corpuscles,  which  are  migrated  white  blood-corpuscles  swollen  out  by  imbibition 
of  water.  The  preparation  may  be  stained  by  allowing  a  small  drop  of  diluted 
hsematoxylin  to  diffuse  under  the  cover-glass  :  followed  by  an  equally  small  drop 
of  dilute  glycerine  (50  per  cent.).' 

2.  Put  a  small  shred  of  human  epidermis  into  a  drop  of  strong  caustic  potash 
soliition  (35  per  cent.)  for  five  minutes.  Then  break  it  up  in  water  with  needles, 
cover,  and  examine.     Observe  the  now  isolated  swollen  cells. 

3.  Study  the  arrangement  of  the  cells  in  a  section  through  some  stratified 
epithelium,  such  as  that  of  the  mouth,  skin,  or  cornea.  Notice  the  changes  in 
shape  of  the  cells  as  they  are  traced  towards  the  free  surface.  Measure  the 
thickness  of  the  epithelium.     Count  the  number  of  layers  of  cells. 

4.  Make  a  preparation  of  the  epithelium  of  the  urinary  bladder  ;  this  may 
be  slightly  distended  with  bichromate  of  potassium  saline  (1  part  bichromate 
to  800  of  normal  saline),  and  after  an  hour  cut  open  and  placed  in  more  of  the  same 
solution.  Take  a  small  scraping  of  tlie  lining  epithelium  on  the  point  of  a  scalpel, 
and  break  it  up  by  tapping  it  in  a  drop  of  very  dilute  hsematoxylin  on  a  slide.  Put 
a  small  hair  in  the  drop  and  cover.  Add  a  small  drop  of  dilute  glycerine  at  one 
edge  :  allow  this  to  diffuse  under.  Cement  next  day.  Observe  the  large  flat 
superficial  cells,  and  the  pear-shaped  cells  of  the  second  layer.  Sketch  one  of  each 
kind.  The  cells  will  vary  greatly  in  appearance  according  to  the  amount  of  dis- 
tension of  the  organ. 

5.  Study  the  minute  structure  of  epithelium-cells  and  their  nuclei,  both  at  rest 
and  dividing,  in  sections  of  the  skin  of  the  newt's  tail,  or  in  shreds  of  peritoneum 
or  of  the  amnion  of  the  rat,  or  in  sections  of  the  salamander-tac^ole.  The 
preparation  may,  for  this  purpose,  be  stained  either  with  hsematoxylin  or  iron- 
hsematoxylin,  or  with  some  aniline  dye  such  as  saffranin. 

Sketch  a  cell  with  resting  nucleus,  and  others  with  nuclei  in  dift'erent  phases  of 
karyokinesis. 

The  simple  saccular  skin-glands  of  Amphibia  may  also  be  seen  and  studied  in 
sections  of  the  newt's  tail. 


An  epithelium  is  a  tissue  composed  entirely  of  cells  separated  by  a  very 
small  amount  of  intercellular  substance  (cement-substance)  and  generally 
arranged  so  as  to  form  a  membrane  covering  either  an  external  or  internal 
free  surface. 

The  structure  of  epithelium-cells,  and  the  changes  which  they  undergo  in 

'  In  most  cases  where  glycerine  is  mentioned  Farrant's  solution  may  be  substituted 
(see  Appendix). 
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cell-division,  are  well  seen  in  the  epidermis  of  the  newt  or  of  the  salamander- 
tadpole  (fig.  79) ;  the  cells  and  nuclei  are  much  larger  in  these  animals  than 
in  mammals. 

Structure   of   epithelium-cells. — An  epithelium-cell   consists,  like  other 


Fio.  79. — Epidermis  cells  of  a  larval  salamander. 
Magnified  400  diameters.     Photograph. 

Some  of  the  cells  are  undergoing  division.    Intercellular  channels  are  seen  in  parts. 
At  one  place  the  branches  of  a  pigment-cell  extend  between  the  epithelium-cells. 


■•  *--ai;" 


Fig.  80.— Section  op  steatiwed  epithelium  from  fauces  of  rabbit. 
Magnified  240  diameters.     Photograph. 

cells,  of  protoplasm  and  nucleus.  The  protoplasm  may  either  look  granular, 
or  it  may  have  a  reticulated  appearance,  or  may  exhibit  fibrils.  The  nucleus 
is  spherical  or  ovoid.  Usually  there  is  only  one,  but  there  may  be  two.  The 
cell-substance  is  often  modified  in  its  chemical  nature ;  its  external  layer  may 
become  hardened  to  form  a  sort  of  membrane,  or  the  whole  cell  may  become 
horny  (keratinised) ;   or  there  may  be  a  separation  of  materials  (granules) 
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within.. the,  cell  which   arc ^  ultima;tely.  used  by  the.oiganism,  asin.some 
secreting  glands.  '  •  ;, 

Classification  of  epithelia.— Epithelia  are  somewhat  illogically  classified 
partly  according  to  the  shape  and  arrangement  of  the  cells,  partly  according 
to  their  function.  Thus  we  speak  of  scaly  or  pavement,  cubical,  columnar, 
glandular,  and  ciliated  epithelium.  Most  of  these  are  simple  epithelia,  with 
the  cells  only  one  layer  deep.  If  forming  several  superposed  layers,  the 
epithehum  is  said  to  be  stratified,  and  then  the  shape  of  the  cells  differs 
in  the  different  layers.    Where  there  are  only  three  or  four  layers  in  a  stratified 


Fig.  81. — Section  of  epidekmis  m  cat's  foot  showing  iktbrcellular 
channels,  with  bridging  fibrils.     (kolossow.) 

epithelium,  it  is  termed  transitional.  A  classification  according  to  the 
function  of  the  epithelium  may  also  conveniently  be  adopted.  We  should  , 
then  include  under  the  term  protective  epithelia,  the  pavement,  stratified  and 
transitional  varieties ;  under  the  term  secreting  epithelia,  the  cubical, 
columnar i  and  glandular  epithelia  (some  of  the: pavement  epithelia  would 
come  also  under  this  head) ;  while  the  ciliated  epithelia  would  form  a 
separate  division,  as  in  the  classification  above  given.  -    . 

..Stratified  epithelium  (fig.  80)  covers  the  anterior -surface  of  the  cornea,, 
Ijiies  the  mouth,  pharnyx.  (lower  part),  gullet,  anal  canal  and  part  of •  the:, 
urethra,  and  forms  the  epidermis  which  covers'  the  skin.     The  vocal  cords. 

-*'"nie  cbliminai'  epitlielium  of  theriitestineisTjoneertied  a.s  nmch  With  absoiptiejn 'Sa 
with'  secretion,  but  absorption  may  be  regarded  as  a  kind  of  reversed  secretion. 
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are  covered  by  stratified  epithelium.  In  the  female  it  also  lines  the  vagina 
and  covers  the  os  uteri.  The  cells  nearest  the  surface  are  always  flattened 
and   scale-like,  whereas  the   deeper  cells  are  polyhedral,  and  those  of  the 


'^, 


^^msmP" 


'"rrrl/M/i''"" 


Fig.  82. — Section  thbouuh  the  deepek  layers  or  a  sTRATiriEo  epitueuum, 

SHOWING  WBBILS,  /,   PASSING   FROM  CELL  TO  CELL  ACROSS  THE   INTERCELLULAR 

SPACES.     (Ranvier. ) 


deepest  layer  somewhat  columnar  in  shape.  Moreover,  -the  deep  cells  are  soft 
and  protoplasmic,  and  are  separated  from  one  another  by  a  system  of 
intercellular  channels,  which  are  bridged  across  by  numerous  fibrils  passing 
from  cell  to  cell  (figs.  81,  82);  giving 
the  cells,  when  separated,  the  appearance 
of  being  beset  with  short  spines  (prickle- 
cells).  These  "  bridging  fibrils  "  are  not 
peculiar  to  stratified  epithelium,  but 
occur  in  many  tissues. 

The  deeper  cells  multiply  by  karyo- 
kinesis.  The  newly  formed  cells  tend  as 
they  enlarge  to  push  those  superficial  to 
them  nearer  to  the  surface,  from  which 
they    are    eventually    thrown    off.      As 

they  approach  the  surface  they  become  keratinised,  and  in  the  case  of 
the- 'epidermis  entirely  lose  their  cellular  appearance,  which  can,  however, 
be  in  a  measure  restored  by  the  action  of  alkalies  (§  2).  The  cast  off 
superficial  cells  of  the  stratified  epithelium  of  the  mouth,  which  are  seen 
in  abundance  in  the  saliva  (§  1),  are  less  altered  than  those  of  the 
epidermis,  and  the  remains  of  a  nucleus  is  still  visible  in  them  (fig.  83). 

S 


Fig.  83. — Epithelium-scales  erom 

THE     INSIDE     or     THE     MflUTH. 

(Sharpey.)    Magnified  260  dia- 
meters. 
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The    stratified    epithelium   of    the   human   skin   (epidermis)   shows    many 
peculiarities;  these  will  be  considered  when  the  skin  is  treated  of. 

Transitional   epithelium   is   a  stratified   epithelium   consisting  of   only 


Vm.   84.— KriTHELIAL  CISLLS   1-KO.M    the    BLADJJliK   OF    THE    KAEBIT.       (Klein.) 

Magnified  500  diameters. 

II,  large  flattened  cell  from  the  superfloial  layer,  with  two  nuclei  and  with  strongly  marked  ridges 
and  intervening  depressions  on  its  under  surface ;  i,  pear-shaped  cell  of  the  second  layer 
adapted  to  a  depression  on  one  of  the  superficial  cells. 


Fl(i.    85. — PaVEMEKT  EPlTHELlUiM   OK   KKnOTllELJU.M    Ui'   A   SEROITS   MEMBRANE 

Nitrate  of  silver  preparation.     Carmine  stainixi:  or  nuclei. 


three  or  four  layers  of  cells.  It  occurs  in  the  urinary  bladder,  the  ureter, 
and  the  pelvis  of  the  kidney.  The  superficial  cells  (fig.  84,  a),  are  large 
and  flattened ;  they  often  have  two  nuclei.  Their  free  surface  is-  covered. 
*ith  a  cuticiilar  stratum-,  arid  on  their  under  surface  they- exhibit  depressions,, 
into  which  fit  the  larger  ends  of  pyrifofm  cells,  which  form  the  next  layer 
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(fig.  84,  6).  Between  the  tapered  ends  of  the  pyiiforni  cells  one  or  two 
layers  of  smaller  polyhedral  cells  are  found.  The  epithelium  seems  to  be 
renewed  by  mitotic  division  of  these  deeper  cells.  It  is  possible  that  the 
superficial  cells  also  multiply ;  it  is  stated  that  the  division  of  their  nuclei 
is  amitotic  (see  fig.  1 9,  p.  1 2). 

Simple  scaly  or  pavement  epithelium  is  found  in  the  saccules  of  the 
lungs,  in  the  ducts  of  the  mammary  glands,  in  the  kidney  (in  the  tubes  of 
Henle,  lining  the  capsules  of  the  Malpighian  bodies,  and  covering  the 
glomeruli),  and  also  lining  the  cavities  of  serous  membranes  (fig.  85),  and 
the  interior  of  the  heart,  blood-vessels,  and  lymphatics.  .  When  occurring  on 
internal  surfaces,  such  as  those  of  the  serous  membranes,  blood-vessels,  and 
lymphatics,  it  is  spoken  of  as  endothelium  or  (sometimes)  mesothelium. 
Kolossow  showed  that  the  cells  of. a  serous  epithelium  are  provided  with  a 
striated  border  consisting  of  what  appears  to  be  a  fine  pile  of  closely  set  hairs 
on  their  free  surface,  somewhat  like  that  which  is  found  on  columnar  cells. 
These  hairlets  rest  on  a  thin  homogeneous  border.  The  latter  appears  to  be 
a  common  feature  of  endothelium  for  it  also  occurs  in  the  endothelium  of 
the  blood-vessels,  but  the  pile  of  hairs  is  tudy  found  in  the  endothelia,  <if 


FllV.     86.  — EnDOTUELIUM-CELLS     or     SEKOUS     MEMB11.4.NE     seen      TN     I'ROlflLE     \1EW, 
SHOWINIi      PROTOPLASMIC      BBID(iES     STRETCHING     ACROSS     THE     INTERCELLULAR 

SPACES.     (M.  Heidenhain. ) 

ser'ous  membranes,  at  least  in  mammals.     Kolossow's  statements  have  been 
confirmed  by  several  other  observers. 

In  some  amphibia  cilia  liaA-e  been  found  on  paits  of  the  |jeritoneal  epithelium 
(Klein). 

GLANUULAK  EPITHELIUM  AND  SE(JKBT]N(t  GLANDS. 
Glandular  epithelium  is  the  essential  tissue  of  all  the  organs  which  are 
known  as  secreting  glands.  Glands  are  of  two  chief  kinds.  Those  which 
are  best  known  and  which  are  termed  secreting  glands  proper  are  furnished 
with  a  duct  which  ramifies  in  all  parts  of  the  gland  and  by  means  of  which 
the  products  of  the  secretory  activity  of  the  gland-cells  are  brought  to  a  free 
surface.  Svich  glaiids  -have  been  developed  as  involutions  of  the  surface  upon 
which  they  open,  and  their  epithelium  is  continuous  with  that  of  this  surface, 
and  is  in  some  cases,  especially  where  the  surface  upon  which  the  gland  opens 
is  covered  with  columnar  epithelium,  of  a  similar  character  to  the  epithelium 
covering  the  surface.  In  other  cases  it  is  difierent  in  character  from  the 
epithelium  of  the  surface,  becoming  altered  as  we  trace  the  duct  back  into  the 
recesses  or  alveoli  ^oi  the  gland,  and  it  is  in  these  that  the  characteristic 
glandular  cells,  which  are  generally  polyhedral  in  shape,  are  found/  Every 
such  involution  or  ingrowth  of  epithelium  to  form  a  gland  is,  when  first  formed 
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IV. 


Fig.  87. — Various  kinds  or  glands. 

Simple  sacoula  gland  from  amphibian  skin  (Flemming).  11.  Simple  tubular  gland  from  intestine 
(Flemming).  Ill,  A  small  racemose  gland  with  a  single  duct,  d,  into  which  a  number  of 
irregularly  tubular  afoini,  a,  open  (Klein).  IV.  Part  of  a  tubulo-racemose  gland  "with  the 
acini  unravelled  (Flemming).  V.  Wax  model  of  a  small  tubulo-racemose  gland  from  the 
epiglottis  (Maziarski). 
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of  a  simple  character,  shaped  either  like  a  flask  or  test-tube  and  filled  with  a 
solid  mass  of  cells,  but  it  presently  becomes  hollowed  out,  some  of  the  cells 
being  left  as  a  lining  to  the  connective-tissue  membrane  which  bounds  the 
involution.  The  gland  may  remain  simple  and  unbranched  (simple  saccular 
and  simple  tubular  glands,  fig.  87,  I.  and  II.),  or  it  may  branch  again  and 
again  until  a  complicated  structure,  in  some  cases  small,  in  others  of  con- 
siderable size,  is  produced  {compound  tubular  and  compound  saccular  (or 
racemose  glands)  (fig.  87,  III.,  IV.,  V.),  instances  of  which  are  furnished  by 
the  kidneys  and  salivary  glands  respectively).     The  cells  which  furnish  the 


Fig. 


-Two   CELLS  FROM   A   CUTANKOUS  GLAND   OF   SALAMANDEB-LARVA, 
SHOWING  THE  SECBETION   GRANULES.      (Gurwitsoh.) 

The  left-hand  cell,  which  has  two  nuclei,  is  filled  with  granules.    In  the  rig:ht-hand  cell 
the  granules  are  becoming  swollen  and  dissolved. 


secretion  of  the  gland  and  which  line  the  secreting  parts  of  the  tubules  of  a 
tubular  gland,  or  the  alveolar  enlargements  (acini)  at  the  ends  of  the  ducts 
of  a  racemose  gland,  are  often  partly  or  wholly  filled  with  granules  in  the 
intervals  of  secretory  activity  ;  these  granules  become  discharged  or  dissolved 
and  pass  into  the  secretion  during  activity.  Secreting  glands  are  always 
abundantly  supplied  with  blood-vessels  and  generally  also  with  nerves.  The 
blood-vessels  are  brought  to  the  alveoli  in  the  connective  tissue  which  holds 
together  the  acini  and  groups  of  acini  (lobules)  of  the  gland ;  the  nerves  are 
supplied  partly  to  the  blood-vessels  and  partly  to  the  secreting  epithelium 
cells. 

The  liver  differs  from  all  other  secreting  glands  in  being  composed  of 
solid  masses  of  cells  (hepatic   lobules)   instead   of  tubular  acini  lined   by 
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epithelium.  It  exhibits  also  other  important  differences  in  the  nature  of 
its  blood-supply  and  the  relation  between  the  blood  and  the  liver-cells. 

The  other  kind  of  secreting  glands,  known  as  the  internally  secreting  or 
endocfine  glands,  are  not  furnished  with  ducts  and  are  usuallj'  classed  with 
the  spleen  and  lymphoid  structures  as  ductless  glands.  But  the  endocrine 
glands  are,  like  the  externally  secreting  organs,  composed  of  epithelial 
cells,  sometimes  grouped  in  solid  masses  (as  in  the  suprarenal),  in  other  cases 
disposed  around  hollow  vesicles  (thyroid)  which  become  filled  with  the 
material  of  the  secretion.  Since  there  is  no  duct  in  these  glands  the  secretion 
is  carried  into  the  blood  either  directly  by  the  blood-vessels  of  the  gland 
or  indirectly  through  the  lymphatics. 

The  detailed  study  of  the  glands  and  of  other  epithelial  structures  may 
be  reserved  until  the  organs  in  which  they  occur  are  described,  but  columnar 
and  ciliated  epithelia  will  be  dealt  with  in  the  next  lesson. 

The  hoirs  and  nails  and  the  enamel  of  the  teeth  are  modified  epithelial 
tissues.  They  will  be  described  with  the  skin  and  with  the  structures  con- 
nected with  the  mouth. 


LESSON  VIII. 

COLUMNAR  AND  CILIATED   EPITHELIUM: 
ACTION  OF  CILIA. 

1.  Break  up  in  dilute  glycerine  a  shred  of  epithelium  from  a  minute  piece  of  the 
mucous  membrane  of  intestine  (frog)  that  has  been  treated  with  1  per  cent,  osmic 
acid  for  some  hours,  and  has  subsequently  macerated  in  water  for  a  few  days. 
The  cells  easily  separate  on  tapping  the  cover-glass.  Measure  and  sketch  one  or 
two  cells. 

The  cover-glass  may  be  at  once  fixed  by  gold  size. 

2.  Prepare  ciliated  epithelium  from  a  trachea  that  hag  been  treated  with  osmic 
acid  like  the  last  preparation,  or  that  has  macerated  in  chromic  acid  solution 
(1  to  2000  Ringer)  for  a  few  days.  Measure  in  one  or  two  of  the  cells  (a)  the 
length  of  the  cell,  (6)  the  length  of  the  cilia,  (c)  the  size  of  the  nucleus.  Sketch 
two  or  three  cells. 

3.  Mount  in  sea-water  one  or  two  bars  of  the  gill«of  the  marine  mussel  (fig.  89). 
Study  the  action  of  the  large  cilia.  Now  place  the  preparation  upon  the  copper 
warm  stage  (see  Lesson  VI.)  and  observe  the  effect  of  gently  raising  the  temperatui'e. 


¥i(:.  89. — Valve  of  McrssEr.  (Mytilds  eduliS)  showing  br,  br,  thk   kxi'ANDEd 

BILLS    OR   BRANCHl^,    WHICH,     OWING    TO    THE    LITTLE    BARS    OF    WHICH    THEY 
ARE    COMPOSED,    PRESBKT  A    STRIATED    ASPECT. 

ml,  mantle  ;  m,  cut  adductor  muscle  ;  i,  mass  of  viscera  ;  the  dark  projection  just  above 

is  the  foot. 

Put  this  preparation  aside,  until  the  end  of  the  lesson,  by  which  time  many 
of  the  cilia  will  have  become  languid.  When  this  is  the  case  pass  a  drop  of  (lilute 
potash  solution  (1  jiart  KHO  to  1000  of  sea-water)  under  the  cover-glaiss  and 
observe  the  effect. 

4.  Cement  with  sealing-wax  a  piece  of  small  glass  tubing  to  a  slide  so  that 
one  end  of  the  tube  comes  nearly  to  the  centre  of  the  slide.  To  do  this  effectually 
the  slide  must  be  heated  and  some  sealing-wax  melted  on  to  it  and  allowed  to 
cool.  The  glass  tube  is  then  made  hot  and  applied  to  the  slide,  embedding  itself 
as  it  does  so  in  the  sealing-wax.  Apply  a  ring  of  modelling  wax  (half  an  inch  in 
diameter  and  rising  above  the  glass  tube)  so  as  to  include  the  end  of  the  tube. 
Make  a  deep  notch  or  a  hole  in  the  ring'  opposite  the  tube  foi'  the  exit  of  COa  (see 
below).    .  Place  a  drop  of  water  within  the  ring  (fig.  90). 
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Put  a  bar  from  the  gill  upon  a  cover-glass  in  the  least  possible  quantity  of 
sea-water  ;  invert  the  cover-glass  over  the  putty  ring,  and  (with  another  slide) 
press  it  gently  down.  The  preparation  hangs  in  a  moist  chamber  within  which 
it  can  be  studied  through  the  cover-glass,  and  into  which  gases  or  vapours  can 
be  passed  and  their  eflfecta  observed. 

Pass  CO2  through  the  chamber,  and  after  observing  the  effect  replace  it  by 
air  (fig.  91).     Repeat  with  ether  vapour  and  with  chloroform  vapour. 


Fig.  90. — Moist  chamber  adapted  for  passing  a  oas  or  vapour  to  a 
preparation  under  the  microscope. 


Fig.  91.— Method  or  subjecting  a  preparation  to  a  stream  of  carbon 

DIOXIDE. 

6,  bottle  containing  marble  and  hydrochloric  acid  ;  b',  wash-bottle,  connected  by  india- 
rubber  tube,  t,  with  the  moist  chamber,  s. 


Columnar  epithelium  and  ciliated  epithelium  are  for  the  most  part  found 
covering  the  inner  surface  of  mucous  membranes;  which  are  membranes 
moistened  by  mucus  and  lining  passages  in  communication  with  the  exterior 
such  as  the  alimentary  canal  and  the  respiratory  and  generative  passages. 
The  cells  of  a  columnar  epithelium  form  a  single  layer,  varying  in  thick- 
ness according  to  the  length  of  the  constituent  cells,  and  when  the  cells  of 
a  columnar  epithelium  are  short,  the  epithelium  is  spoken  of  as  cubical 
such  as  that  which  lines  the  vesicles  of  the  thyroid  gland  (fig.  92).      The 
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cells  of  a  columnar  epithelium  (fig.   93)  are  prismatic  columns,   which   are 
set  closely   side   by   side,   so    that    when    seen   from    the    surface   a    mosaic 


^^^■^%    ^%^  l\P^ 
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Fig.   92. — Section  oJ''  thyroid  uf  cat.     Magnified  200  diameters.     Photograph. 


Fic.   93.  Fio.  94, 

Fic.    93. — A    ROW    OK    COLUMNAR   CELLS    FROM    THE    INTESTINE    OF    THE    RA  lUUT. 
Smaller  cells  ai-e  seen  between  the  epithelium-fells  ;  these  are  leucoc^'tes. 

FiC.    94. — COLITMNAR    EPITHELIUM-CELLS    OF    THE    R.\BBIT'S    INTESTINE. 

More  highly  magnified. 

The  cells  ha\-e  Vieen  isolated  after  maceration  in  ver,\'  iveak  chromic  a(-i(l-  The  cells  are  much 
vacuolated,  and  one  of  them  has  a  fat-^dobule  adhering  to  it  near  its  attached  end  ;  the 
striated  border  (Hr)  is  well  seen,  and  the  brifjht  disk  separating  it  from  the  cell-protoplasm  ; 
n,  nucleus,  with  intranuclear  network  :  a,  a  thinned-out  winjj-like  projection  of  the  cell  whicli 
]>robabl.\'  fitted  between  two  adjacent  cells. 

appearance  is  pi-oduced.  They  often  taper  somewhat  towards  their 
attached  end,  which  is  generally  truncated,  and  set  upon  a  basement 
membrane.  Their  free  surface  is  covered  by  a  thick  striated  border  (figs.  9.3 
to  97)  which  may  sometimes  become  detached  in  teased  preparations.  The 
protoplasm    of    the    cell    is    usually    vacuolated    or    granular ;  between    the 
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striated  border  and  the  protoplasm  of  the  cell  is  a  highly  refracting  disk 
which  consists  of  fine  dumb-bell  shaped  particles  set  vertically.  The  striated 
border  is  connected  through  this  tJisk  with  fibrils  or  strise  which  run  through 
the  cell-protoplasm  (figs.  95,  96).  It  has  been  suggested  that  the  dumb-bell 
shaped  particles  are  formed  by  multiplication  of  the  centrosome,  but  the 
fact  cannot  be  regarded  as  established.  The  nucleus  is  ovoid  and  reticular. 
The  lateral  borders  of  the  cells  are  often  somewhat  irregular  or  jagged,  the 
result  of  the  presence  of  amoeboid  leucocytes,  which  are  generally  found 
between  the  columnar  cells,  at  least  in  the  intestine.  After  a  meal  contain- 
ing fat  the  epithelium-cells  of  the  small  intestine  contain  fat  globules,  which 
become  stained  black  in  osmic  preparations. 

Columnar  epithelium-cells  are  found  lining  the  whole  of  the  interior  of 
the  stomach  and  intestines :  they  are  also  present  in  the  ducts  of  most 
glands,    and   sometimes   also   in   their   secreting  tubes  and  saccules.     The 


Fig.  95. — A  coldmnak  epithelhim-ceUj, 
showikg    mass    of    fibrils    (oyto- 
mitome)  within  the  cytoplasm. 
(M.  Heidenhain.) 


]'"k:.  96. — A  iioblet  or  ml;(h'S-sk<'UETIN(; 

tell    in    COLUMNAK    EI'[THE1,[I'M. 

(M.  Heidenhain.) 

The  centrosome  is  in  the  mncigen-mass.     Part 
of  an  ordinary  eolnmnar  cell  is  also  shown. 


Fk;.   So. 


Fi(i.   H(i. 


epithelium  which  covers  the  ovary  is  also  of  a  modified  columnar  shape,  but 
cells  possessing  the  striated  border  and  other  structural  peculiarities  above 
described  occur  only  in  the  alimentary  canal  and  in  its  diverticula. 

Goblet-cells. — Some  of  the  cells  of  most  columnar  epithelia  (fig.  97),  and 
also  some  cells  in  glandular,  ciliated,  and  transitional  epithelia,  contain 
mucigen,  which  is  laid  down  within  the  cell  in  the  form  of  granules  or 
globules  of  mucigen  (fig.  96,  fig.  98,  )m1,  mi^^  These  granules  eventually 
swell  up  to  form  globular  masses  which  clump  together  and  greatly  distend 
the  part  of  the  cell  nearest  the  free  border.  When  the  mucigen  is  extruded 
as  mucus  the  free  part  of  the  cell  becomes  emptied  and  the  cell  then  takes 
the  form  of  a  goblet  or  chalice,  hence  the  above  name. 

These  goblet-cells,  or  as  they  may  be  appropriately  termed,  mums-secreting 
re/ls,  are  probably  not  mere  temporary  modifications  of  the  ordinary  columnar 
and  ciliated  cells  amongst  which  they  are  found,  but  permanently  dififer- 
entiated  cells.  After  having  got  rid  of  their  mucus  by  extrusion,  they 
again  form  a  fresh  supply  in  the  .same  way  as  before.     In  the  gastric  mucous 


CILIA  ri-.D    F.rillllil.U'M 


75 


iiR'tiibraiie  ;ill  tlie  mirface  eiiitlicliiiiii  is  coiupuscd  of  iiiiii-us  sccretiui;  cells, 
and  they  extend  also  intu  the  mouths  of  tlie  glands.  In  the  large  intestine 
also  most  of  the  cells  both  of  the  surface  and  in  tlie  glands  are  goblet-cells. 
According  to  Cai'lier  those  of  the  gastric  mucous  membrane  are  connected 
together  laterally  by  jii-otoplasjnic  fibi'es. 

Ciliated  epithelium. — Ciliated  epithelium  is  found  in  man  throughout 
the  whole  extent  of  the  air -passages  and  their  prolongations,  but  not  in 
the  uppermost  part  of  the  nostrils  which  is  supplied  by  the  olfactoi'v  nerves, 
nor  in  the  lower  part  of  the  ])harynx,  nor  in  the  terminal  bronchioles  and 
pulmonary  alveoli.      Ciliated   epithelium  idso  occuis  in  the   Fallopian  tubes 


FlC.       117. — CllLIT.MN',\K       KrrTUELirjl      enVERlNf!      THE      SH>E      OF       A       VllJ.rS       OF       Tin; 

IXTESTIXE    (HCM.\N).       Magnified    -201)    diameters.       (From    a    |)reparation    hv 
Professor  Martin  Heidenhain.) 

■       ■•■      Otif  or  tun  LTtil'let-cells  are  seen  Liiiinjii,^st  Mie  ))rdiiiar.\'  cells. 

(oviducts)  and  the  greater  pai-t  of  the  utt'rus  ;  in  the  efferent  tul)es  of  the 
testicle;  and  in  the  ventricles  of  the  brain,  and  the  central  canal  of  the 
spinal  cord.  The  cells  of  a  ciliated  epithelium  ai'e  usually  columnar  in  shape 
(figs.  98,  99),  but  in  place  of  the  striated  border  of  the  ordinary  columnar 
cell  the  free  surface  is  surmounted  by  a  bunch  of  fine  tapering  filaments 
(i'ibraf,i/e  cilia),  which,  during  life,  move  spontaneouslv  to  and  fro,  and  ser\e 
to  produce  a  cui'rent  in  the  fluid  which  covers  them.  The  border  upon 
which  the  cilia  are  set  is  bright  in  the  living  condition  :  after  fixation  it 
appears  formed  of  little  juxtayiosed  knnliK  or  Iiaaal  partirh's,  to  each  of  which 
a  eilium  is  attached. 

Ill  the  large  ciliated  cells  which  line  the  aliiiieiitary  canal  of  some  nuilluscs 
(figs.  100,  101),  and  with  less  distinctness  in  the  ciliated  cells  of  vertebrates,  the 
knobs  may  be  observed  to  be  prolonged  into  the  protoplasm  of  the  cell  as  tine 
vai'icose  filaments  termed  the  rootletx  of  the  cilia.  Since  the  a.xial  filiril  in  the 
tail  of  the  .spermatozoon   (which    is    undonhtedly    to    1«'  legarded  as  a   ciliiini)   is 
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Kl<i.  99.  — COLI^MNAR  ITHATED 
RMTHELlUM-f'ELT.S  FROM  THK 
LOWER  TART  <JF  THE  HUJIAN 
NASAL  PASSAGES.     EXAMINED 

FRESH  IN  SERUM.    (Sharpey. ) 


FiC.     ftS. — ClLL.ATKIl   CdLriMNAK  El'ITHKI.T  r  \r, 
KROM    THE    TRACHEA    OF    A    RABHIT. 

ml,  m".  111-';  mucus-secretini.'  cells  in  xarious  stat;e»  nf 
muci^en  formation.  The  itreparation  was  treateii 
with  dilute  clironiic  acid. 


Fiii.  100. — Four  ciliateu  i'Ells. 
(v.  Lenhos9i.'k. ) 


Fin.  101. — Ciliated  cell,  from 
the  intestine  of  a  mollusc. 
(Engelmann.) 


CILIATED  EPITHELIUM  jf 

developed  in  connexion  with  the  centrosonie,  it  has  been  supposed  that  the  cilia 
of  an  ordinary  ciliated  cell  may  also  be  outgrowths  from  the  (multiplied)  centrosonie. 
But  although  it  may  be  the  case  that  the  basal  particles  are  formed  by  the  division 
of  the  centrosonie  of  the  cell,  in  which  case  the  rootlets  may  represent  the  fibrils 
of  archoplasm  which  radiate  from  the  centrosonie  of  such  a  cell  as  the  white 
corpuscle  (flg.  11),  it  would  appear  that  the  cilia  are  not  always  developed  from  the 
basal  particle^,  for  they  sometimes  appear  before  the  basal  particles.  In  plant 
spores,  which  have  no  oentrosomes,  the  cilia  are  developed  from  amoeboid  processes 
of  the  ectoplasm  of  the  cell  (Strassburger).  Similar  basal  particles  and  longitudinal 
fibrils  are  found  in  columnar  cells  (p.  74)  ;  these  ai-e  probably  homologous  with  the 
knobs  and  rootlets  of  the  ciliated  cell,  while  the  bunch  of  cilia  of  the  latter  is 
perhaps  represented  by  the  striated  border  of  the  columnar  cell. 

According  to  H.  E.  Joidan,  amitosis  is  the  ordinary  form  of  cell  divi.sion  iu 
ciliated  epithelium  ;  he  connects  this  with  the  transformation  of  the  oentrosomes 
above-mentioned. 

The  action  of  cilia.  —When  in  motion  a  cilium  is  bent  quickly  over  in 
one  direction  with  a  lashing  whip-like  movement,  immediately  recovering 
itself.     When  vigorous  the  action  is  so  rapid,  and  the  rhythm  so  frequent 
(ten  or  more  times  in  a  second),  that  it  is  impossible 
to  follow  the  motion  with  the  eye.     All  the  cilia  upon  ; 

a  ciliated  surface  are  not  in  action  at  the  same  instant,  11 

but  the  movement  travels  in  waves  over  the  surface.  i; 

If  a  cell  is  detached  from  the  general  surface,  its  cilia  j  I 

continue  to  act  for  a  while,  but  their  movement  at  once 
ceases  if  they  are  detached  from  the  cell.  If,  however, 
a  portion  of  the  cell-protoplasm  is  detached  with  them, 
they  will  continue  to  move  for  a  time. 

The    rhythm    is    slowed    by    cold,    quickened    by 
warmth ;  but  heat  a  few  degrees  above  body  temperature 
kills  the  cells.    The  movement  will  continue  for  some  time 
in  water  deprived  of  oxygen.     Both  COj  gas  and  ether     Fig.    102.  —  Model 
and    chloroform    vapour    arrest    the    action,    but    it  '^°  illostbate 

^  ,        ,  THE      ACTION      OF 

recommences   on    restoring    air,    if    the   action   is   not  a  cilium. 

too  prolonged.     Dilute  alkaline  solutions  quicken   the 

activity  of  cilia,  or  may  even  restore  it  shortly  after  it  has  ceased. 

Theories  of  ciliary  action. — Various  attempts  have  been  made  to  explain  the 
manner  in  which  cilia  act.  One  hypothesis  supposes  that  one  side  only  of  each 
cilium  is  contractile,  the  other  side  being  elastic,  or  that  there  is  a  more  rigid  but 
elastic  axis  and  a  contractile  covering.  It  is,  howevei-,  impossible  that  a  soft 
structure  like  a  cilium  could  be  bent  over  in  a  uniform  curve  by  contraction  along 
one  side  ;  such  contraction  could  only  produce  shortening  and  wrinkling  of  the 
cilium,  effects  which  are  never  observed.  Another  hypothesis  assumes  that  the 
projecting  cilia  are  set  in  action  by  rhythmic  lateral  contractions  in  the  protoplasm  ; 
which,  by  moving  the  rootlets,  cause  the  cilia  to  bend  over  as  a  whip  is  bent  by 
movements  of  the  wrist  applied  to  its  handle.  But  this  again  implies  an  amount 
of  rigidity  which  neither  the  cilia  nor  the  rootlets  possess,  and  it  must  be  borne  in 
mind  that  cilia  have  to  oveicome  the  resistance  of  fiuid,  and  of  fluid  which  is  in 
many  cases  highly  viscous. 

The  most  reasonable  hypothesis  to  explain  the  mode  of  action  of  cilia 
appears  to  be  that  they  are  hollow  filaments,  with  a  fluid  interior  communicating 
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with  the  cell-protoplasm.i  If  this  is  so,  alterations  of  pressure  in  .the"  cell;" 
caused  by  changes  in  surface  tension,  woiild  diive  fluid  into  and  out  of  the  cilia, 
and  if  weassunie  them  to  be  naturally  curved  this  movement  must  cause  the  curve 
to  open  out  with  increase,  and  straighten  again  with  diminution  of  pressure. 
An  action  of  this  kind  can  be  imitated  with  a  curved  flattened  flexible  tube 
attached  to  a  pressure  bag  (fig.  102).  Increase  of  pressure  causes  the.  tube 
to  straighten  out ;  on  decreasing  the  pressure  the  tube  bends  over  exactly 
in  the  mannei'  of  a  eilium.  This  hypothesis  has  the  advantage  over  others  which 
have  been  offered  that  it  explains  the  movements  of  cilia  on  a  theory  which  is 
similar  to  that  which  gives  the  most  probable  explanation  of  amoeboid  movements 
of  protoplasm,  viz.,  that  they  are  due  to  variations  in  surface  tension,  and  it  thus 
brings  these  two  forms  of  protoplasmic  activity  into  line  with  one  another.  It 
will  presently  be  seen  that  the  changes  which  occur  in  muscle  in  contraction  are 
susceptible  of  a  similar  explanation. 

'  Every  eilium  or  eilium-like  structure  (flagellum)  which  is  sufiieiently  large 
to  show  any  structural  differentiation,  exhibits  an  external  membranous  covering  and 
clear  homogeneous  contents.  Some  observers  have  described  alternate  darker  and 
lighter  shadings  in  the  cilia  of  the  fresh-water  mussel. 


LESSON    IX. 
THE  CONNECTIVE  TISSUES. 

1.  Take  a  little  of  the  subcutaneous  tissue  oi'  of  the  intermuscular  couneOti\e 
tissue  of  a  rabbit  oi'  guinea-pig  and  spread  it  out  with  needles  on  a  dry  slide  into 
a  large  thin  film.  Keep  the  centre  moist  by  occasionally  breathing  on  it,  but 
allow  the  edges  to  dry  to  the  slide.  Before  commencing  put  a  drop  of  salt  solution 
on  a  cover-glass,  and  now  invert  this  over  the  film.  Examine  with  a  high  powei'. 
Sketch  one  or  two  bundles  of  white  fibres  and  also  one  or  two  elastic  fibres, 
distinguishable  from  the  former  by  their  sharp  outline,  isolated  course,  and  by 
their  branching.  Sketch  also  one  or  more  connective-tissue  corpuscles,  if  any 
such  are  visible  in  the  clear  interspaces.  Look  also  foi'  migratory  cells  (leucocytes). 
Next  carefully  remove  the  cover-glass  and  replace  the  salt -solution  by  d.ilute  acetic 
acid  (1  per  cent.).  Watch  its  effect  in  swelling  the  white  fibres  and  bringing 
more  clearly  intg  view  the  elastic  fibres  and  corpuscles.  Look  for  constricted 
bundles  of  white  fibres. 

■2.  Make  another  very  thin  film  in  the  same  way,  but  allow  to  diy  almost 
completely.  Pour  over  the  film  a  1  per  cent,  solution  of  magenta  (fuchsin)in  equal 
parts  of  water  and  alcohol,  to  which  1  drop  per  cubic  centimeter  of  a  1  per  cent, 
solution  of  gentian  violet  in  alcohol  has  just  been  added.  After  one  luinute  di'ain 
off,  remove  the  remainder  of  the  staining  solution  by  filter  paper,  and  allow  the 
film  to  dry.  When  completely  dry  mount  in  dammar.  The  elastic  fibres  are 
deeply  stained  ;  the  cells  are  also  shown. 

Mallory's  stain  (see  Appendix),  which  contains  acid  fuchsin,  is  useful  for 
staining  connective-tissue  fibres  in  sections  of  organs. 

3.  Pi'epai'e  another  film  of  the  subcutaneous  tissue,  including  a  little  adipose 
tissue.  Fix  by  pouring  over  it  formol  (10  per  cent.)  and  leave  this  in  contact  with 
the  film  for  20  minutes.  Wash  with  water  and  stain  with  saturated  solution  of 
Sudan  III.  or  Scharlach  K.  in  75  per  cent,  alcohol  ;  wash  with  7.5  per  cent,  alcohol  to 
remove  stain  from  everything  except  fat,  then  wash  with  water  and  counter  stain  with 
dilute  hsematoxylin.  Mount  in  dilute  glycerine.  Examine  first  with  a  -low  and 
afterwards  with  a  high  power.  The  fat  is  well  brought  out  by  the  Sudan  III. 
or  Scliarlaoh  E.  stain  ;  if  the  preparation  is  from  a  young  animal,  fat-cells  will 
be  found  in  process  of  formation.  Measure  and  sketch  two  or  three  of  the 
fat-cells. 

The  fat  may  also  be  stained  without  prior  fixation,  by  treatment  with  1  per 
tent,  osmic  acid  solution,  which  coltJUi's  it  intensely  black. 

4.  Spread  out  another  film  of  connecti\'e  tissue,  letting  its  edges  i_li;y  to  the 
slide,  but  keeping  the  centre  moist  by  the  breath.  Place  on  its  centre  a  lai'ge 
drop  of  nitrate  of  silver  solution  (1  per  .cent.).  After  five  minutes  wash  this 
away  with  distilled  water,  and  expose  to  direct  sunlight  until  slightly  bi'own, 
Now  allow  the  film  to  dry  completely,  and  cover  it  in  dammar.  Sketch  the 
outlines  of  some  of  the  oell-spaces  which  are  displayed. 

.5.  For  retifoi'ui  tissue  the  following  method  is  recommended  (Spalteholz). 
Place  a  piece  of  the  organ  (e.g.  lymphatic  gland)  for  twenty-four  hours  or  more 
in  alcohol,  then  overnight  at  38°  C.  in. a  i  per  cent,  solution  of  carbonate  of  soda 
to.  which  a.  few  dropsof  a  solution  containing, trypsin  have  been  added.  Cautiously 
transfei'  the  semi-digested  structure  to  alcohol  again,  and'  leave  it  for  a  few  hours. 
Embed  in  paraffin  in  the  usual  way  and  stnin  the  sections  with  irori  hnematoxylin 
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(see  Appendix).    The  fibrils  of  connective  and  retiform  tissue  are  the  only  structures 
which  have  remained  undigested  and  they  are  deeply  coloured  by  the  hsematoxylin. 
Retiform  tissue  is  also  well  shown  in  sections  of  lymph  glands  stained  with 
Mallory's  or  Van  Gieson's  stains  (see  Appendix). 


The  connective  tissues  include  wreolar  tissue,  adipose  tissue,  elastic  tissue, 
fibrous  tissue,  reticular  and  lymphoid  tissue,  cartilage  and  hone.  All  these 
tissues  agree  in  certain  microscopic  and  chemical  characters.  They,  for 
the  most  part,  have  a  large  amount  of  intercellular  substance  in  which  fibres 
are  developed,  and  these  fibres  are  of  two  kinds— wAife  and  yellow  or  elastic ; 


Fig.  103. — White  and  elastic  i'ibrks  of  areolar  tissue. 
A,  bundles  of  white  fibres  partly  unravelled.    B,  elastic  fibres. 

there  are  many  points  of  similarity  between  their  cells  ;  they  are  all  developed 
from  the  same  embryonic  formation  ;  and  where  they  come  in  contact  in 
the  body  they  tend  to  pass  imperceptibly  the  one  into  the  other.  Besides 
this,  the  use  made  of  these  several  tissues  in  the  body  is  similar ;  for  they 
mostly  serve  to  connect  and  support  the  other  tissues,  thus  performing  a 
purely  passive  or  mechanical  function.  They  are  for  these  reasons  grouped 
together,  although  they  difier  considerably  in  external  and  even  in  micros- 
copic characters.  Of  all  these  connective  tissues  there  are  however  three 
which  are  so  intimately  allied  that  they  miist  be  described  together,  for  they 
are  composed  of  exactly  the  same  elements,  and  differ  only  in  the  relative 
development  of  those  elements  :  these  three  are  the  areolar,  elastic,  and 
fibrous  tissues.  Further,  adipose  tissue  and  reticular  tissue  are  to  be  looked 
upon  as  special  modifications  of  areolar  tissue. 

Areolar  tissue  being  the  commonest  and,  in  a  sense,  the  most  typical,  its 
structure  may  be  considered  first. 


AREOLAR    TISSUE  8r 

AKKOLAlt    TISSUE. 

Areolar  tissue  presents  to  the  naked  eye  an  appearance  of  tine  trans- 
parent til  reads  and  lamina^  which  intercross  in  every  direction  witli  one 
another,  leaving  interconnmuiicating  meshes,  or  areolfe,  between  them 
When  examined  with  the  microscope,  these  thrcafls  and  fibres  are  seen  to 
be  principally  made  np  of  wa\y  liunrlles  of  exipiisitely  fine  transparent 
fibres  {irhitf  tibren,  fig.  103,  A).  The  bundles  run  in  different  directions,  and 
may  branch  and  intercommunicate  with  one  another  (fig.  10(1)  ;  but  the  in- 
dividual fibres,  although  thev  pass  from  one  bundle  to  another,  never  branch 


Fri;.   104. — Areol.^k  tissue  PREP.vr-aiU  r.v   Reoklinch.iiise.n-'s  siever  mktuhd. 
Magnified  200  iliametcr.s.     Photograph. 


The  r-clls  are  scon  .a.s  clear  .s|ia,fe.s  in  the  (Ijl'OU'n)  .stained  i^rnnnfEsulistan 
tlie  filires  cnnrse. 


tln-oni;li  wliirli 


or  join  otlier  fibres.  The  fibres  are  cemented  together  into  the  bundles 
by  a  clear  sub.stance'  containing  mucin,  and  the  same  semi-fluid  material 
forms  also  the  ba.sis  or  ground  substance  of  the  tissue,  in  which  the  bundles 
themselves  course,  and  in  which  also  the  corjDuscles  of  the  tissue  lie  embedded. 
This  ground-substance  between  the  bundles  can  with  difficulty  be  seen  in 
the  fresh  tissue  on  account  of  its  extreme  tran.sparency  ;  but  it  can  be 
brought  to  view  by  treatment  with  nitrate  of  silver  (g  4).  The  whole  of 
the  tissue  is  thereby  stained  of  a  yellowish-brown  colour,  with  the  exception 
of  the  spaces  which  are  occupied  by  the  corpuscles  {cell -spaces,  fig.  104).  As 
Maoallum  has  shown,  this  reaction  is  due  to  the  presence  of  chlorides  in  the 
intercellular  sulistance. 

Besides  the  white  fibres  of  connective  tissue  here  described,  fibres  of  a 
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different  kind  (fig.  103,  B)  may  be  made  out  in  the  preparations  ;  these  are 
the  plastic  fibres.  They  are  especially  well  seen  after  treatment  with  acetic 
acid,  and  after  staining  with  magenta,  or,  in  sections,  with  orcein ;  but  they 


Fig.   103. — A  white  bundle  swollen  bv  acetic  acid.     From  the  sub- 

.ARACHNOID    TISSUE    AT   THE    BASE    "F   THE    BRAIN.       (Toldt. ) 


—7"^^  * 


Fic.  106. — Fibres  and  cells  or  .\aEoL.\R  tissue  of  a  ouinea-pic  froji  .a  film 
PREPARATION.  (Maximow.)  The  preparation  was  stained,  withont  fixation, 
liy  neutral  red. 

(I,  bundles  of  whitu  fitn'fs  ;  //,  clastic  fibres  :  c,  lamellar  cells  ;  (/,  cUisni.'itocytes  ;  e,  plasma- 
cells  ■.  /,  oN>'iihil  leucocytes. 


can  be  detected  also  in  fresh  preparations.  They  are  characterised  by  their 
distinct  outline,  their  straight  course,  the  fact  that  they  never  run  in  bundles, 
but  singly,  and  that  they  branch  or  join  neighbouring  fibres.  If  broken  by 
the  needles  in  making  the  preparation,  the  elastic  recoil  causes  them  to  curl 
up,  especially  near  the  broken  ends.     Besides  these  histological  differences, 
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the  two  kinds  of  fibre  differ  also  in  their  chemical  characters.  Thus  the 
white  fibres  are  formed  of  a  material  {collagen)  which  is  dissolved  by  boiling 
in  water,  forming  a  solution  of  gelatin ;'  they,  are  also  dissolved  by  peptic 
digestion,  but  not  by  tryptic ;  whereas  the  substance  of  which  the  elastic 
fibres  are  composed  {elastin)  resists  for  a  long  time  the  action  of  boiling 
water  and  peptic  digestion,  and  is  dissolved  by  tryptic  digestion.  More- 
over, the  white  fibres  swell  and  become  indistinct  under  the  action  of  dilute 
acetic  acid ;  the  elastic  fibres  are  unaltered  by  this  reagent.     Elastic  fibres 


Fig.  107.  —Cells  of  rabbit's  cornea  stained  with  gold  chloride. 
Magnified  300  diameters. 

The  nuclei  are  unstained.    The  cells  .are  connected  by  their  branches. 


appear  to  have  a  sheath  which  is  more  resistant  to  reagents  than  the  rest 
of  the  fibre. 

Bundles  of  white  fibres  which  have  been  swollen  out  by  acid  sometimes 
exhibit  constrictions  at  irregular  intervals  (fig.  105).  These  constrictions 
are  thought  to  be  due  to  elastic  fibres  coiling  round  the  white  bundles. 

The  cells  of  areolar  tissue. — Several  varieties  of  connective-tissue  cells 
are  distinguished,  viz.  :  (1)  Lamellar  cells,  which  are  flattened  and  often 
branched  (fig.  106,  c,  c'),  and  may  be  united  one  to  the  other  by  their 
branches,  as  in  the  cornea  (fig.  107).  Sometimes  these  cells  are  unbranched  ; 
they  may  lie  along  the  fibril-bundles  and  even  themselves  show  a  fibrillar 
appearance.!     In  certain  situations  the  lamellar  connective-tissue  cells  are 

'  Some  authors  have  inferred  from  this  that  these  cells  are  transformed  into  white 
fibril-bundles  and  have  termed  them  "  fibroplasia  "  ;  but  the  fibrillation  which  ihey 
exhibit  is  not  of  the  same  character  as  that  of  the  white  fibres,  and  is  probably  a  form 
of  cytomitome,  such  as  is  seen  in  many  cells. 
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greatly  tiatteiied  out,  esjjecially  when  they  lie  upon  the  surface  of  aponeuroses 
wliere  they  are  joined  edge  to  edge  like  the  cells  of  an  endothelium  (fig.  109). 
The  fipparent  cell-spaces  in   silver  prepai-ations  have   of   course  in  all  cases 


Fill.     108. — CdRM'.A    (IF    RABIUT,    STAINKII    \\ITH    SILVUli    NITFIATK.        JIaguificil 

3(10  (iiameters.     Photographed  from  a  preparation  bj-  H.  Pringle. 

Tlif  cells  .ir(?  niistained,  and  a])])e:ir  as  white  .Hpa(;es  on  a  brown  ^'round.     <  'oniitare 
\vith  fitr.  1"~-  ill  wiiicli  tile  relts  are  stained. 


I''ii:.   10!t.  — ErrniKi.oiD  cells  of  rciNNKiTivL  tissce  fkum  the  sfrface  or 

.\X    AroNEIKIISIS.        XtTRAIIO    of    silver    PKErAR.\'l'ION. 


a  similar  arrangemiint  to  that  of  the  cells.  (■_')  Clasiuntdri/tjis,  which  are 
composed  of  a  soft,  much-vacuolated,  often  granular  protoplasm,  rarely 
flattened,  but  otherwise  varying  greatly  in  shape  and  size  (fig.  106,  d). 
(■'<)  MaM-i-elh  (Ehrlieh),   usually  spheroidal  or  ovoidal  in   shape,   filled   witli 
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granules,  which  are  deeply  stained  hy  gentian  \iolet  and  b}'  nthei'  basic 
aniline  dyes.  They  arc  not  everywhere  common,  l>ut  arc  numerous  in  parts 
where  fat  is  being  laid  down  (tigs.  112,  113).  (i)  TlasiiKt-cell.'i  (fig.  106,  e). 
These  are  characterised  bv  their  granular  protoplasm,  which  is  les.s  basiphil 


Fill.    110.— A  sM.M,i>  Loiii'LE  iir  ADIPOSE  Tissi'K.     MagiiiHod  20  iliiiiiioteiK 
a,  '■,  small  ai'tei-y  and  vein  enttrin.i,^  the  lobnle. 


KlO.     111. — A     i'KW    CEJ.l.S    I'KO.M    TUE    .M.VKGIX    OF    TJrl  li    I'M'    hOIWUK    SHOWN     IN 

Fio.    110.     Highly  magnified. 

./'.,'/.,  fat-trlubiile  (li.-steiKliii^^  a  fat-i-cll  :  /^  imckms  ;  ill,  inyinhraiiou.s  l'1i\  elntiu  rit  tht-  fat-(^ell  :  c.i\, 
Imnch  of  crystals  within  a  fat-ctll ;  c,  capillary  ^-essel  ;  r,  veiiinlc  :  c.t.,  (■oiinccti\  c-tissuc  cell  : 
ff,  granular  cell.     The  eonnecti\'e-tiwsne  fibres  are  not  reiiresentetl. 

than  that  of  the  mast-cells  and  their  relatively  small  nucleus  ;  in  shape,  they 
are  either  rounded,  angular,  or  elongated. 

Migratory  leucocytes  may  also  (fig.  lOG,  y')  be  seen  here  and  there  in 
areolar  tissue  {vMwIt'r-ci'llx). 

In  the  middle  coat  of  the  eye  in  mammals,  and  in  some  parts  of  tht^  skin, 
.some  of  the  connective-tissue  cells  are  occupied  by  granules  of  pigment 
(ing)U("nt-cells). 
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These  are  mueh  more  extensively  present  in   lower  vertebrates,  especially  _m 
fishes,  whei'e  they  e. 
piginent  being  at  one  time  cliftused  (3ver  a  eoi 


Amphibia  and  fishes,  where  they  exhibit  anneboid  changes  which  result  in  the 
■    '         ■    ■  •         '■-    ■'      - -_,nsiderable  area  and  at  another  tnne 


Fii;.   112.— Fat  in   .iiesknteky  or  kabbit.     (From  Prenant,  Bouin,  and  Maillaid. 

1',  network  of  L-apillar\  \-e,bsel!, :  ;/,  fat-glolnile  ;  li,  iiuflens  of  fat-cell  :  p,  protoplasniie 

en\*elope  to  fat-^lobiile. 

Numerous  mabt-cells  arc  seen  :  in  some  of  these  there  appears  to  he  occuvriiif;  a  deposition 

of  fat. 


Fio.  11,3. — Deposition  ok  fat  in  ijonnective-tissue  cells. 

f,  a  cell  with  a  few  isolated  fat-droplets  in  its  protoplasm  ;  /',  acell  with  a  siiii,de  lar^^e  and  several 
minute  drops  ; ,/",  fnsion  of  two  lart^e  drops  :  <t,  granular  mast-cell  ;  o.t.,  lamellar  counective- 
tissne  corpuscle  :  c.c.  network  of  cai)illaries. 

restricted  to  the  immediate  neighbourhood  of  the  nucleus.  The  changes  thus 
prciduced  cause  alteration  in  the  general  coloui-  and  shade  of  the  integument, 
where  such  pigment-cells  are  \  ery  numerous,  and  serve  the  purpose  of  protective 
adaptation  of  the  animals  to  theii-  environment. 

The  connective-tis.sue  cells  occup}'  spaces  of  corresponding  shape  in  the 
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ground-substance  (fig.  108),  between  the  bundles  of  white  fibres.  In  some 
parts  of  the  connective  tissue  the  white  bundles  are  developed  to  such  an 
extent  as  to  pervade  almost  the  whole  of  the  ground-substance,  and  then 
the  connective  -  tissue  corpuscles  become  squeezed  into  the  interstices, 
flattened  lamellar  expansions  of  the  cells  extending  between  the  bundles, 
as  in  tendon  (see  next  Lesson). 

The  cells  and  cell-spaces  of  areolar  tissue  come  into  intimate  relation 
with  the  cells  lining  the  lymphatic  vessels  and  small  blood-vessels.  This 
connexion  can  best  be  seen  in  silvered  preparations ;  it  will  be  again 
referred  to  in  speaking  of  the  origin  of  the 
lymphatics. 

ADIPOSE   TISSUE. 

Adipose  tissue  consists  of  vesicles  filled 

with  fat  (figs.    110,  111)  and  collected  into 

lobules,  or  into  tracts  which  accompany  the 

small  blood-vessels.     The  vesicles  are  round 

or    oval    in    shape,    except    where    closely 

packed,  when  they  become  polyhedral  from 

mutual  compression.     The  fat-drop  is  con- 
tained    within     a     delicate     protoplasmic 

envelope   (fig.  Ill,   m)   which  is  thickened 

at    one    part,    and    here   includes   an   oval 

flattened  nucleus.     The  fat  is  stained  black 

by   osmic   acid    (fig.    114);    a   deep   yellow 

colour  by  Sudan  III. ;  and  an  intense  red 

by  Scharlach  R.    The  vesicles  are  supported 

partly  by  filaments   of   areolar   tissue,  but 

chiefly  by  a  fine  network  of  capillary  blood- 
vessels. 

The  fat  when  first  formed  in   the   embryo   is   deposited  within   large 

granular  cells  (fig.  115)  of  a  spheroidal  or  polyhedral  shape  ;  some  authorities 
regard  these  cells  as  of  a  specific  nature,  for  they  are  in  certain  situations 
collected  into  gland-like  masses  abundantly  supplied  with  blood-vessels. 
They  gradually  become  transformed  into  fat-cells  by  the  deposition  of  fat 
in  the  cell-protoplasm.  Fat  is,  however,  also  laid  down  in  other  situations 
in  ordinary  cells  of  connective  tissue.  In  all  cases  the  fat  appears  to  be 
produced  by  a  transformation  into  droplets  of  fat  of  albuminous  granules 
which  the  cells  contain.  As  the  droplets  increase  in  size  they  run  together 
into  a  larger  drop,  which  gradually  fills  the  cell  more  and  more,  swelling  it 
out  so  that  the  cell-protoplasm  eventually  appears  merely  as  the  envelope 
of  the  fat-vesicle.  Fat-cells  often  contain  lipoid  globules  as  well  as  true  fat, 
and  it  is  possible  that  in  its  development  the  fat  in  the  cell  is  always 
preceded  by  lipoid  matter. 


Fig.     114.  —  F.'Vt  -  cells     from 
YOUNG      ANIMAL.       (Ranvier.) ' 
Osmic  aoiu  pbeparation. 

The  drops  of  fat  are  stained  of  an  intense 
black,  n,  nucleus ;  g^  small  globules 
of  fat. 


88  THE  ESSENTIALS   OF  HISTOLOGY 

Fat  is  found  most  abundantly  in  subcutaneous  areolar  tissue,  and  under  the 
serous  membranes  ;  especially  in  some  paiis,  as  at  the  back  of  the  peritoneum 
around  the  kidneys,  under  the  epicardium,  and  in  the  mesentery  and  omentum. 
The  yellow  marrow  of  the  bones  is  also  principally  composed  of  fat.  There  is  no 
adipose  tissue  within  the  cavity  of  the  cranium. 


Fig.  115. — Two  stages  ov  formation  ov  adipose  tissue.     (H.  Batty  Shaw.) 

In  A  the  tisBue  is  formed  of  a  gland-like  mass  of  cells,  in  sonie  of  which  the  cytoplasm  is 
occupied  by  fat-globules  (looking  white  in  the  sections).    In  Bthe  fat  fills  many  of  the  cells. 


Fig.  116. — Retiform  tissue  from  a  LYMrii-GtAND.     Moderately  magnified. 

tr,  a  trabeculum  of  connective  tissue ;  r,  r',  retiform  tissue,  with  more  open  meshes  at  r 
and  denser  at  r'. 


KETICULAE    ANIi    LYMPHOID   TISSUE. 

In  retiform  or  reticular  tissue  (figs.  116,  117,  118)  the  intercellular  sub- 
.stance  is  largely  replaced  by  fluid  which  is  traversed  by  a  network  of  white 
fibres,  the  meshes  of  which  vary  in  size,  being  very  small  and  close  in  some 
parts ;  more  open  and  like  areolar  tissue  in  other  parts.  There  are  few  or 
no  elastic  fibres.  The  fibres  are  often  enwrapped  by  flattened  branched 
connective-tissue  cells,  which  must  be  removed  to  bring  the  fibres  clearly 
into  view.     Chemical  differences  Between  the  fibres  of  retiform  tissue  and 
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those  of  ordinary  areolar  tissue  have  been  desci'ibed,  liut  microscopically  the 
fibres  of  the  two  tissues  are  indistinguishable  :  they  are  stained  by  the  same 
reagents  and   o<'cur   in  complete  continuity   with   <inc  another  (see  figs.  116, 


Fill.     111. — PuKTlUN    or    THK    .MIOVE,     IKIKK    UIOIliA     M.\l  I.MFIEI  I. 

Showinj.^  tlK'  continuity  of  the  rt'tiforin  tissue,  /',  r,  wltti  the  eonneeti\'e  tissue  ot  a 
trabeenluni,  //■. 

117,     119).       Reticular    tissue    tVirms    a    fine    framework    in    many    organs; 
supporting  the  proper  elements  and   extending  into  the  interstices  between 


Fh:.    I  is.  --Kktici-ijim   or   i;onf,-.m.vrk(i\v.      (KndLii'lfii. ) 


the  coai'ser  connective-tissue  bundles.  It  can  be  well  shown  by  dissohing 
the  cells  of  the  tissue  by  tryptic  digestion  an<l  sulisei(upntlv  staining  the 
fibres  forming  the  reticuluju  (p.  79,  §  5).  It  occurs  characteristically  in 
lymph-glands,  but  may  also  be  displayed  in  the  spleen,  li\ei-,  bone-marrow 
(fig.  1  IS),  irnicous  membranes,  aiul  many  other  parts. 
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Lymphoid  or  adenoid  tissue  is  reticular  tissue  in  which  the  meslies  of 
the  networlv:   are  largely  occupied  by  lymph-corpuscles  (fig.    119).      This   is 


Fio.   119. — Lymphoid  tissue  of  a  i>YMPH-f!L.\ND. 

The  filjres  of  the  tissue  ha\'e  been  stained  b.v  fuchsin.     Their  continuity  with  the  conneetive-tissue 
trabeculte  is  in  this  way  well  shown. 


met  with  in  the  lymph-glands  and  in  allied  structures,  such  as  the  tonsils, 
lymphoid  follicles,  and  Malpighian  corpuscles  of  spleen. 


LESSON   X. 
THE   CONNECTIVE  TISSUES   (co7itinued). 

1.  Tease  out  as  finely  as  possible  a  small  shred  of  elastic  tissue  (ligamentum 
nuchse  of  the  ox  or  ligamentum  subflavum  of  man)  in  glycerine  and  water,  slightly 
tinged  by  magenta.  Cover  and  cement  the  preparation.  Note  the  large  well- 
defined  fibres  constantly  branching  and  uniting  with  one  another.  Sketch  a  small 
part  of  the  network.  Note  the  existence  of  bundles  of  white  fibres  amongst  the 
elastic  fibres. 

2.  Examine  a  thin  transverse  section  of  ligamentum  nuchse  which  has  been 
hai'dened  in  2  per  cent,  solution  of  bichromate  of  potassium.  The  section  is  to  be 
stained  with  haematoxylin  and  mounted  in  dammar  by  the  usual  process,  or  simply 
in  glycerine  and  water.  Observe  the  grouping  of  the  fibres  and  their  angular 
shape.     Frequently  the  angles  are  rounded. 

3.  Pinch  off  the  end  of  the  tail  of  a  dead  mouse  or  rat,  draw  out  the  long  silk- 
like tendons  and  put  them  into  salt  solution.  Take  one  of  the  threads,  which 
should  be  nearly  uiree  inches  long,  and  stretch  it  along  a  slide,  letting  the  ends 
dry  firmly  to  the  glass  but  keeping  the  middle  part  wet.  Put  a  short  piece  of  hair 
on  each  side  of  this  and  cover  in  salt  solution.  Observe  with  a  high  power  the  fine 
wavy  fibrillation  of  the  tendon.  Draw.  Now  run  dilute  acetic  acid  (0'75  per  cent.) 
under  the  cover-glass  ;  watch  the  tendon  where  it  is  becoming  swollen  by  the 
acetic  acid.  Notice  the  oblong  nucleated  cells  coming  into  view  between  the 
tendon-bundles.  Sketch  three  or  four  cells  in  a  row.  Lastly,  lift  the  cover-glass, 
wash  away  the  acid  with  distilled  water,  place  a  drop  of  hsematoxylin  or  carmalum 
solution  on  the  tendon,  and  leave  the  preparation  until  it  is  deeply  stained  ;  then 
wash  away  the  stain  and  mount  the  preparation  in  faintly  acidulated  glycerine. 

4.  Take  another  long  piece  of  rat  or  mouse  tail  tendon,  and  after  washing  it  in 
distilled  water,  stretch  it  upon  a  slide  as  before,  fixing  the  ends  by  allowing  them 
to  dry  on  to  the  slide  but  keeping  the  middle  wet.  Put  a  drop  of  nitrate  of  silver 
solution  (1  per  cent.)  on  the  middle,  and  leave  it  for  five  minutes.  Then  rinse  off 
the  silver  nitrate  with  distilled  water,  drain  this  off  and  expose  the  slide  to  direct 
sunlight.  In  a  very  few  minutes  the  silvered  part  of  the  tendon  will  be  brown. 
Allow  it  to  dry  completely  and  then  mount  in  dammar. 

f>.  Stain  with  magenta  solution  a  thin  section  of  ox  tendon  which  has  been 
hardened  in  70  per  cent,  alcohol.  The  section  may  be  cut  by  hand  with  a  lazor, 
or  a  small  piece  of  the  tissue  may  be  soaked  in  gum  and  cut  frozen.  Mount  in 
dilute  glycerine  and  cement  at  once. 

6.  For  studying  the  development  of  connective  tissue,  sections  of  the  umbilical 
cord  at  different  periods  may  be  used.     Fix  with  foimol.     Stain  with  acid  fuchsin. 


ELASTIC   TISSUE. 


Elastic  tissue  is  a  variety  of  connective  tissue  in  which  the  elastic  fibres 
preponderate.  It  is  found  most  characteristically  in  the  ligamentum  nuchse 
of  quadrupeds  and  the  ligamenta  subflava  of  the  vertebrse,  but  the  connective 
tissue  of  other  parts  may  also  have  a  considerable  development  of  elastic 
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fibres.  It  occurs  in  an  almost  pure  form  in  the  walls  of  the  air-tubes,  and 
uniting  the  cartilages  of  the  larynx.  It  also  enters  largely  into  the  formation 
of  the  lungs  and  of  the  walls  of  the  arteries. 

In  the  ligamentum  nuchfe  most  of  the  tibres  are  large  (figs.  1-0,  \i\). 


^aa 


Fii;.     l'2(t. — Kl.ASTIC    FIIIKKS    KKUM    TUE    J.ll :  A.\]ENTII]\[    NUCH.i:    OF    THE    ll\, 
SIKIWINC    TRANSVERSE    MAIiKINCS    ON    THE    FIKIiES. 

Tliey  often  exhibit  cross  markings  or  even  ti-ansverse  clefts.  When  dragged 
asunder,  the}'  break  sharply  across.  They  constantly  branch  and  unite,  so 
as  to  form  a  close  network.      In   transverse  section  they  appear  angulai',  but 


I'li;.   121.--Ckuss-skcti(in  of  el.vstii   fibres  FR(l.^]  the  hoa.mentf.m   .nl('h,+; 

<IF    THE    CJX, 
Tlic  !\)i^Mes  of  the  fibres  lire  nunuU-'l. 


usually  the  angles   are   rcjunded  (fig.    121).     They  ai-e  separated  into  small 
groups  or  bundles  by  intervening  areolar  tissue. 

Elastic  tissue  does  not  always  take  tlie  form  of  fibres,  but  may  occur  as 
membranes  {e.tj.  in  the  blood-vessels).  In  areolar  tissue  the  elastic  fibres 
may  be  veiy  tine,  but  their  microscopic  and  chemical  characters  are  always 
well  markeil  ()>.  >^'l). 


1' in  ROUS  'i/ssiii 
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Fibrous  tissue  is  almost  \vholl\'  nuid(^  up  of  liundles  of  white  fibi'es 
running  in  a  determinate  direction.  These  again  are  collected  into  larger 
bundles,  which  give  the  fibrous  appearance  to  the  tissue,     The  bundles  are 


!''[(:.    122. — Skctkin   of  TKMHiN,   iir.\rAN.     (Sdliotia.)      •:  32. 
t,  tfri(lriii-l,iiii'IN'.;  .\  s(.|.ti  nf  iiruohir  li-isnc  ;  r,  n;sscls. 


constantly    uniting  with   one  another   in    their   course,   although    their  com- 
ponent fibres  remain  perfectly  distinct. 

The  interspaces  betiveen  the  larger  bundles  are  occupied  by  arenlar  tissue 
(fig.  122,  .« ;  fig.  123,  c,  d,  e)  in  which  the  blood-vessels  anrl  l^uuphatics  of  the 
fibrous  tissue  are  conveyed.  The  interstices  between  the  smallest  bundles 
are  occupied   bv  rows  of  lamellar  connective-tissue  coj'puscles  (tPii(Jinh-i-i'lls). 
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which,  from  being  squeezed  up  between  three  or  more   bundles,   become 
flattened  out  in  two  or  three  directions.     In  transverse  section  the  cells  look 


Fig.  123. — Part  of  a  IjArgb  tendon  in  transverse  section. 
More  highly  magnified. 

H,  areolar  sheath  of  the  tendon,  with  the  fibres  for  the -most  part  running  transversely ;  but-HQth 
two  or  three  longitudinal  bundles,  &-;  2,  l^vinphafcic  cleft  in  the  sheath ;  immediately  over  it  a 
blood-vessel  is  seen  cut  across,  and  on  the*  other  side  of  the  figure  a  small  artery  is  shown  cut 
longitudinally  ;  c,  large  septum  of  areolar  tissue ;  d,  smaller  septum ;  e,  still  smaller  septum. 
The  irregularly  stellate  bodies  are  the  tendon-cells  in  section. 

irregularly  stellate  (figs.  123,  124),  but  when  seen  on  the  flat  they  appear 
lamellar  (fig;  125,  A;  fig.  126),  and  from  this 
aspect  their  general  shape  is  square  or  oblong. 
They  lie,  as  before  said,  in  rows  between  the 
tendon-bundles ;  the  nuclei  of  adjacent  cells  are 
placed  opposite  one  another  in  pairs  (fig.  126). 
The  cell-spaces  correspond  in  general  figure  and 
arrangement  to  the  cells  which  occupy  them  (fig. 
125,  B). 

Fibrous  tissue  forms  the  tendons  and  ligaments, 
and  also  certain  membranes,  such  as  the  dura 
mater,  the  fibrous  pericardium,  the  fascise  of  the 
limbs,  the  fibrous  coverings  of  organs,  etc.  It 
is  found  wherever  great  strength,  combined  with 
flexibility,  is  concerned.  It  receives  a  few  blood- 
vessels, disposed  longitudinally  for  the  most  part,  and  contains  many 
lymphatics.     Both  blood-vessels  and  lymphatics  run  in  the  areolar  tissue 

Tendons  and  ligaments 


Fig.     124.— Section     of 

TENDON  from    TAIL    OF 

mouse.     Magnified  150 
diameters. 

The  dark  branched  bodies  are 
sections  of  the  tendon-cells. 


which  separates  and  surrounds  the  tendon-bundles, 
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also  receive  nerve-fibres,  many  of  which  end  in  localised  ramifications  within 
fusiform  enlargements  of  the  tendon-bundles  (organs  of  Golgi),  while  others 
terminate  in  end  bulbs  or  in  simple  Pacinian  corpuscles.  These  will  be 
described  with  the  modes  of  endins;  of  nerve-fibres. 


MINOR   VARIETIES   OF   CONNECTIVE   TISSUE. 
Basement  -  membranes    (memhrance    proprice)   are  Jiomogeneous  -  looking 


Fig.  125. — Tendons  of  mouse  tail  ;  showing  chains  op  cells  between 

THE  TENDON-BUNDLES.     175  diameters. 

A,  stained  with  hsematoxylin  ;  B,  stained  with  silver  nitrate,  showing  the  cell-spaces. 

membranes,  which  are  found  forming  the  surface  layer  of  the  connective-tissue 
expansions  in  certain  parts,  especially  where  there  is  a  covering  of  epithelium, 
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Fig.  126.  —Eight  cells  WB,om  the  same  tendon  as  represented  in  fig.  125,  A. 

Magnified  425  diameters. 

The  dark  lines  on  the  surface  of  the  cells  are  the  optical  sections  of  lamellar  extensions 

directed  towards  or  away  from  the  observer. 

as  on  mucous  membranes,  in  secreting  glands,  and  elsewhere.  They  are 
sometimes  formed  of  flattened  connective-tissue  cells  joined  together  to  form 
a  membrane ;  but  in  most  cases  (e.g.  front  of  cornea,  trachea)  they  are 
evidently  formed  not  of  cells,  but  of  condensed  ground-substance,  and  in 
yet  other  cases  of  elastic  substance  (back  of  cornea) ;  the  name  basement- 
membrane  is  therefore  used  to  denote  structures  of  an  entirely  different 
nature. 

Jelly-like  connective  tissue,  although  occurring  largely  in  the  embryo, 
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is   found   only   in    one    situation  in    the  adult — viz.,   forming    the   vitreous 
humour    of    the    eye.     It   is   composed   mainly   of    soft,    tluid,    or   .semi-fluid 
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Fk;.    127. — DEVELOi'INd    C0NNE<;TIVE    tissue    in    heart    of    CHlCK-EMBHyO    OF 

4S  icouRS.     (Szily. ) 

inij,  cells  forniiiiy  m\0(_'ardiiini ;  7,  jelly  fonned  of  reticulum  with  enclosed  fluid  ;  e.  endo- 
thelium (mesothelium)  of  heart ;  m,  mesenchyme  cells  in  jelly  ;  hi,  blood-corpuseles. 
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Fk;.  128. — Cells  hf  develofin 
fukm  a  syncytium 


<r,   CONNECTIVE    TISSUE    (MESENCHYME)    UlsITED    TO 

(From  Preuant,  Bouin,  and  Maillard.) 

No  fllires  are  as  yet  deieloiiefl  in  the  iiitei-eellular  suljsta]ice. 


ground-substance,  with  cells  scattered  here  and  there  through  it,  and  with  ^ 

a  few  fibres  which  interlace  throughout  the  tissue  and  confine  the  fluid  of  - 

the  ground-substance  within  their  meshes  ;  thus  conferring  upon  the  tissue 


DEVELOPMENT  OF  CONNECTIVE    TISSUE        gy 

its  jelly-like  character.     All  embryonic  connective  tissue  is  at  one  period  of 
this  jelly-like  nature  (see  below). 

DEVELOPMENT    OF    CONNECTIVE    TISSUE. 

Connective  tissue  is  developed  in  and  from  certain  cells  of  the  mesoderm 
(mesenchyme)  of  the  embryo.  In  those  parts  which  are  to  form  con- 
nective tissue,  there  may  frequently  be  seen  a  clear  space  separating  the 
cell-layers  which  are  already  formed,  this  clear  space  being  sometimes 
permeated  with  fibres  which  appear  to  be  produced  from  the  cells  bounding 
the  space.  Presently  branching  mesenchyme  cells,  which  are  budded  oif 
from  the  bounding  cells,  are  found  forming  a  syncytium  within  the  clear 
space  (fig.  127,  m;  fig.  128).  In  the  meshes  of  the  reticular  syncytium 
is  a  muco-albuminous  semi-fluid  intercellular  substance  (ground-substance). 


Fig.  129. — DEVELOPMEiST  of  elastic  tissue  by  deposition  of  fine  granules. 

(Banvier.) 

g,  fibres  beinsr  formed  of  rows  of  "  elasbin  "  granules ;  p,  flat  plate-like  expansion  of 
elastic  substance  formed  by  the  fusion  of  "  elastin  "  granules. 

The  connective-tissue  fibres,  both  white  and  elastic,  are  deposited  in  this 
ground-substance,  the  elastic  substance  appearing  in  the  form  of  granules 
(fig.  129,  g),  which  subsequently  become  connected  together  into  elastic 
fibres  or  laminse,  as  the  case  may  be,  the  white  fibres  appearing  at  first  in 
the  form  of  very  fine  bundles  (fig.  130),  which  afterwards  become  gradually 
larger ;  so  that  in  fibrous  tissue  the  whole  ground-substance  is  eventually 
pervaded  by  the  bundles,  and  the  cells  of  the  tissue  become  squeezed  up 
into  the  intervals  between  them.  Before  any  considerable  development  of 
fibres  has  taken  place,  the  embryonic  connective  tissue  has  a  jelly-like 
appearance ;  in  this  form  it  occurs  in  the  umbilical  cord,  where  it  is  known 
as  the  jelly  of  Wharton. 

There  has  been  always  a  considerable  diiFerence .  of  opinion  as  to  the 

origin  of  the  fibres  of  connective  tissue,  some  histologists  holding  that  they 

are  formed  within  the  protoplasm  of  the  cells,  which  gradually  lose  their 

cell-characters  as  the  fibres  become  developed  within  them  ;  others  taking  the 
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view  that  the  fibres,  both  white  and  elastic,  are  extracellular  formations. 
While  there  is  no  doubt  that  they  are  produced  under  the  influence  of  the 
cells,  for  they  first  appear  in  close  proximity  to  those  structures,  it  seems  on 
the  whole  probable  that   the  fibres  are  deposited  in  the  ground-substance 
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I'iG.  130.— Jelly  or  Whakton  fkom  umbilical  cord  or  new-bohn  child. 
(Sobotta.)     x280. 

/,  connective-tissue  fibres ;  c,  cells, 

and  not  actually  in  the  cell-protoplasm,  so  that  they  are  rather  to  be  looked 
upon,  like  the  ground-substance  itself,  as  formed  by  a  process  of  secretion 
than  by  one  of  direct  cell-transformation. 

Mall  looks  upon  the  intercellular  or  ground-substance  as  living  substance 
{exoplasm).,  and  as  bringing  all  the  cells  of  the  tissue  into  continuity.  He  regards 
the  whole  structure,  cells  and  ground-substance  together,  as  constituting  a 
continuum,  the  fibres  being  laid  down  by  chemical  transformation  in  the  exoplasm. 


LESSON   XL. 

THE  CONNECTIVE  TISSUES. (c^/t/wmerf). 

1 .  Cut  two  M'  thi-ee  thin  tangential  slices  of  the  fresh  cartilage  of  a  joint, 
mount  them  in  salt  solution,  and  examine  with  the  high  power.  Obsei've  the 
form  and  grouping  of  the  cells.  Look  at  the  thin  edge  of  the  section  for  spaces 
from  which  the  cells  have  dropped  out.  Measure  two  oi-  thi'ee  cells  and  theii- 
nuclei,  and  sketch  one  or  two  groups.  Now  replace  the  salt  solution  by  watei'  and 
set  the  preparation  aside  for  a  little  while.  On  again  examining  it,  many  of  the 
cartilage-cells  will  be  found  to  have  shrunk  within  their  containing  capsules. 

■2.  Make  othei'  sections  of  the  caiiilage  (1)  from  near  the  middle,  (i)  froiu  neai' 
the  edge  at  the  attachment  of  the  synovial  membrane.  Place  the  sections  foi'  two 
or  three  minutes  in  acetic  acid  (1  per  cent.),  wash  them  with  water,  and  stain  with 
dilute  hsematoxylin  solution.  When  stained  mount  in  dilute  glj'cerine  and 
cement  the  cover-glass.     In  (2)  look  for  branched  cartilage  cells. 

.3.  Study  vertical  sections  of  articular  cartilage  from  an  end  of  bone  which  has 
been  fixed  and  decalcified,  and  mount  the  sections  in  glyceiine  and  water,  oi',  aftei- 
staining  with  htematoxylin,  in  dannnar.  Sketch  the  ari'augement  of  the  cells 
in  the  different  layers. 

4.  Brush  a  fresh  joint  with  distilled  watei' ;  drop  1  per  cent,  nitrate  of  silvei- 
solution  over  it  ;  after  five  minutes  wash  away  the  nitrate  of  silver  and  expose  in 
water  to  direct  sunlight.  When  browned,  place  in  90  pei-  cent,  alcohol  for  half 
an  houi'  oi'  moie,  and  then  with  a  razor  wetted  with  the  same  spirit  cut  thin 
.sections  from  the  surface  and  mount  in  dannnar  after  passing  through  clove  oil. 
The  cells  and  cell-spaces  show  white  in  the  brown  groaud-substance. 

o.  To  study  the  structure  of  synovial  membrane  mount  other  slices  from  the 
same  silvered  pieparation  of  the  joint  (i^  4)  taken  just  beyond  the  limits  of  the 
articular  cartilage.  Also  look  for  small  fringed  projections  of  the  membi'ane. 
Snip  them  off  with  .scissors  and  mount  as  before. 

6.  The  superficial  flexor  tendons  of  the  foot  of  the  ox  oi'  sheep  run  in  grooves 
formed  by  the  deep  flexors,  and  these  groo\es  are  lined,  and  the  tendons  which 
pass  through  them  are  covered  by  vaginal  synovial  membranes.  .  To  show  the  . 
structure  of  these  treat  one  of  the  .superficial  flexoi'. tendons  with  silver  nitiute 
in  the  manner  recommended  for  the  joint,  §  •!)  and  after  hardening  in  70  pei'  cent, 
alcohol  cut  sections  from  the  surface  and  mount  them  in  dannnar  as  before. 


CIAKTILAGK. 

Cartilage  {gristle)  is  a  translucent  bluish-white  tissue,  firm,  and  at  the 
same  time  elastic,  and  for  the  most  part  found  in  connexion  with  bones  of 
the  skeleton,  most  of  which  are  in  the  embryo  at  first  represented  entirely 
by  cartilage.  Three  chief  varieties  of  cartilage  are  distinguished.  In  one, 
which 'is  termed  hyaline,  the  matrix  or  ground-substance  is  almost  clear, 
and  free  from  obvious  fibres ;  in  the  other  two,  which  are  termed  fibro- 
cartilage,  the  matrix  is  everywhere  pervaded  by  connective-tissue  fibres. 
When  these  are  of  the  white  variety,  the  tissue  is  white  Jihro-cartilage ; 
when  tbe3'  are  elastic  fibres,  it  is  yellow  or  elastic  fibro-cartilage. 
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The  matrix  immediately  around  the  cartilage-cells  is  often  marked  ofi 
from  the  rest  by  a  concentric  line  or  lines,  this  pai't  of  the  matrix,  which 
is  the  latest  formed,  being  known  as  the  capsule  of  the  cell.  The  cells, 
which  lie  in  groups  of  two,  four,  eight,  etc.,  in  the  matrix  are  bluntly 
angular  in  form,  the  sides  opposite  to  one  another  in  the  groups  being 
generally  flattened.  The  protoplasm  is  clear,  but  it  may  contain  droplets 
of  fat ;  and  with  a  high  power  fine  interlacing  filaments  and  granules  have 
been  observed  in  it.  Cartilage-cells  also  contain,  as  a  rule,  glycogen  :  this 
can  be  shown  by  staining  with  iodine.  During  life  the  protoplasm  entirely 
fills  the  cavity  or  cell-space  which  it  occupies  in  the  matrix  ;  but  after  death, 
and  in  consequence  of  the  action  of  water  and  s(.ime  other  agents,  it  tends 
to  shrink  away  from  the  capsule.  Tlie  nucleus  is  generally  spherical  and 
reticular. 

The  disposition  of  the  cells  of  cartilage  in   groups  of  two,   four,   eight. 


l''li^     lol. — Pl,.\N    (IF   THK    MULTIITjIC.VTION    OF    TUE    CELLS    OF    CARTIL.iOK.       (Sliaijjev.) 

.!,  i-fll  ill  its  rii|i^iilL- ;  i',  (Ii\ifled  into  two,  earli  with  a  caitsuk- ;  C,  prilnarv  i-a]i^iile  ilisaitiHarud, 
^f(-otiflat\  i-ajisulL-s  c'lhereiit  with  matrix;  D,  tertiary  divi.sioii  ;  E,  seuoildary  L-ap.^uJey  dis- 
aiij'eared,  leitiary  coherent  with  matrix. 

etc.,  is  apparently  due  to  the  fact  that  these  groups  have  originated  from 
the  division  of  a  single  cell  first  into  two,  and  these  again  into  two,  and 
so  on.  The  division  of  the  cartilage-cell,  like  that  of  most  other  cells,  is 
effected  by  karvokinesis. 

It  would  seem  that  the  matrix  is  formed  of  successive  portions,  which 
are  deposited  around  each  cartilage-cell  as  the  so-called  "capsules"  (fig.  131), 
each  newly  formed  portion  soon  blending  in  its  turn  with  the  previously 
formed  matri.x,  whilst  a  new  capsule  is  formed  within  it.  The  most 
newly  formed  portions  of  matrix  stain  with  h83matox\-lin  more  deeply 
than  the  rest,  and  in  some  cartilages  this  gives  the  appearance  of  rounded 
balls  of  darkly  stained  matter  surrounding  each  cell  or  cell-group  (chondrin- 
balls,  Mijrncr)  (fig.  138). 


HYALLNE    CARTILAGE. 
Hyaline  cartilage  occurs  principally  in  two  situations— namely  (1)  cover- 
ing  the   ends   of   the   bones  in  the  joints,   where  it    is  known  as  articular 
carti/at/p;  and   (2)  forming  the   rib-cartilages,    where   it  is  known   as  costal 
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i-iir/ildi/i'.      It  also  t'oniiK  the  ciU'tilages  of  tiit;  nose,  (if  the  external  au(ht(ii\- 
meatus  (but  not  the  pinna),  most  of  those  of  the  hirynx,  and  the  eai-tilaf;es 
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Fic.   132. — l-■ECTIo^'  OF  hyaline  caktilage  of  salamander.     Pliotogniph. 
Magnified  200  diameters. 
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Fu:.    IS'.i. — BdRliER    OF   ABTTCULAR   CARTILAliE  SJKJWINd    T]!ANSITI(l\    OK    c 'ARTI  l,A(iE- 
CELLS     INT(J    roNNEOTIVE-TISSTTE    CORrirSCLFW    OF    SYNOVUL    MEMI'.RANE.       From 

HEAD  OF  METATARSAL  BONE,   HUMAN.     About  340  diameters. 

ff,  oi'dinary  furtilaf^e-cclls  ;  I),  />,  witli  tirandiiii;,^  jn'ocessc^. 


of  the  windpipe  ;  in  these  places  it  serves  to  maintain  the  shape  and  patenc_y 
of  the  orifices  and  tubes. 

By  long  macei'ation  in  bi'ine,  evidence  of  a  fibrous  structure  may  lie 
obtained,  even  in  the  matrix  of  true  hj^aline  cartilage.  Some  histologists 
have  described  fine  communications  in  the  matrix  uniting  the  cartilage-cells 
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Fic.    1 


f,  cell-j 


l?4.  — VkRTTCAT.    SKITKIN-    (it-    ARTITULAK    CAETJLACE    liuVKPaXC    THE    I,(I\VEK 

KND  or  TTTE  TIBIA,  HiMAN.     Magnified  about  3(1  diameters. 

iif!  cell-ofroujts  fattened  eonfoniiatjly  w  itli  thu  sin-face  ;  h,  fell-^n-onjis  irrecrularl\  arranj^^ed  ; 
groups  dispo.^ed  )ierpendicnlarly  to  the  surface  :  ri,  layer  of  calcified  cartila»rc  ;  e.  hone. 


with  (Die  another,  but  these  are  of  doubtful  occurrence  in  vertebrate  cartilage, 
although  they  unquestionably  exist  in  the  cartilage  of  cephalopods. 


Fiu.   ISf). — Section  ok  ,iui\r  ok  voim:  KAiiP.iT.      Magnified  50  diameters. 

Notice  the  capsular  lij^-anieiit  iinitinj,'  tlit  ends  of  the  bones  ami  lined  In  the  thin  synovial  membrane 
in  which  there  nre  folds  prnjfftin.L,^  sli(,'-btly  into  the  edj^e  of  the  joint. 
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Articular  cartilage  and  synovial  membrane. — ^The  cells  of  articular 
cartilage  are  generally  scattered  in  elongated  groups  throughout  the  matrix 
(fig.  134).  The  latter  is  free  from  obvious  fibres,  except. at  the  extreme 
edge  of  the  cartilage,  where  the  connective-tissue  fibres  from  the  synovial 
membrane  extend  into  it ;  and  here  also  the  cartilage-cells  are  often  branched, 
and  offer  transitions  to  the  branched  connective-tissue  corpuscles  of  that 
membrane  {transitional  cartilage,  fig.  132).. 

In  vertical  section  (fig.  134)  the  deeper  cell  groups  {c)  are  seen  to  be 
arranged  vertically  to  the  surface,  the  more  super- 
ficial ones  (a)  parallel  to  the  surface ;  whilst  in 
an  intermediate  zone  the  groups  are  irregularly 
disposed  (6),  In  the  deepest  part  of  the  cartilage, 
next  to  the  bone,  there  is  often  a  deposit  of  cal- 
careous salts  in  the  matrix  (calcified  cartilage,  d). 

Synovial  membranes  are  connective-tissue 
structures  occurring  in  connexion  with  articular 
cartilage  (fig.  13.5)  and  in  certain  other  movable 
parts,  e.g.  where  a  tendon  glides  within  a  fibrous 
sheath,  and  at  the  so-called  bursse,  such  as  that 
which  lies  between  the  skin  and  the  patella. 
Their  cells  are  for  the  most  part  branched  like 
connective-tissue  cells,  but  in  some  places  they 
resemble  cartilage-cells,  and  where  a  synovial 
membrane  is  continuous  with  cartilage,  transitions 
occur  between  them. 

The  synovial  membranes  are  often  compared 
with  serous  membranes.  Like  the  latter  they 
bound  closed  cavities  moistened  with  fluid,  but 
they  are  not  connected  with  the  lymphatic 
system,  nor  is  the  fluid  (synovia)  which  moistens 
them  of  the  nature  of  lymph.  Moreover,  there 
is  either  no  endothelial  lining,  or  it  occurs  only 
in  patches,  in  place  of  the  continuous  lining 
which  we  find  in  serous  membranes.  Long  villus- 
like  projections,  simple  (fig.  136)  or  compound- 
fringes — occur  in  some  situations;  they  are  beset  in  parts  by  cells,  some 
of  which  appear  to  be  cartilage-cells  and  to  be  surrounded  by  cartilage- 
matrix.  The  fringes  probably  serve  to  extend  the  surface  for  the  secretion 
of  synovia.  The  blood-vessels  of  synovial  membranes  are  numerous ; 
they  approach  close  to  the  inner  surface.  They  are  well  seen  in  prepara- 
tions from  an  injected  limb. 

Besides  the  Haversian  fringes  and  villi  there  are  often  larger  folds  of 
the  membrane  containing  fat. 

The  synovial  membrane  of  a  joint  is  never  prolonged  over  the  opposed 


FiCi.      136.— ViLT.rs      or 

SYNOVIAL       MEMBRANE. 

(Hammar.) 
-the  so-called  Haversian 
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surfaces  of  the  articular  cartilages,  but  ceases  near  the  edge  of  these  in  the 
transitional  zone  already  alluded  to.  The  blood-vessels  of  the  membrane 
terminate  here  in  capillary  loops.  The  nerves  of  synovial  membranes  end 
partly  in  peculiar  end-bulbs  in  the  substance  of  the  membrane,  partly  in 
a  fine  terminal  plexus  close  to  the  inner  surface.  Pacinian  corpuscles 
have  also  been  described  in  some  places. 


LESSON   XII. 
THE  CONNECTIVE  TISSUES  (continued). 

1.  Make  transverse  and  tangential  sections  of  a  rib-cartilage  (calf  or  lamb)  which 
may  either  be  fresh,  or  may  have  been  preserved  in  spirit  or  formol.  Stain  the 
sections  with  hfematoxylin  or  carmalum  (if  fresh,  after  treatment  with  acetic  acid 
as  in  Lesson  XI.  §  i  ;  or  they  may  be  placed  for  an  hour  in  "5  per  cent,  osmic  acid), 
and  mount  in  glycerine.  Sketch  a  part  of  a  transverse  section  under  a  low  power 
and  a  cell-group  from  one  of  the  tangential  sections  under  a  high  power.  Notice 
especially  the  arrangement  of  the  cells,  somewhat  concentric  near  the  sui'face  but 
radial  near  the  centre.  The  costal  cartilages  tend  as  age  advances  to  become 
ossified  ;  near  the  middle  of  their  thickness  in  most  animals  ;  but  in  man.  when 
ossification  occurs  it  is  the  superficial  layer  which  is  first  invaded. 

2.  Make  sections  of  the  cartilage  of  the  external  ear  (pinna),  either  fresh  or 
after  hardening  in  alcohol.  Mount  in  dilute  glycerine  faintly  coloured  with 
magenta  or  stain  with  orcein  and  mount  in  dammar.  The  upper  end  of  the 
arytenoid  cartilage  of  the  ox  or  calf  may  also  be  used  to  display  the  structure  of 
elastic  cartilage.  Notice  the  large  reticulating  elastic  fibres  in  the  matrix.  Notice 
also  the  isolated  granules  of  elastin,  and  around  each  cartilage-cell  an  area  of  clear 
ground-substance.  If  the  preparation  be  from  the  ear  of  the  mouse  or  rat  there 
is  very  little  matrix  and  no  elastic  fibres,  and  the  cells  are  almost  in  contact 
(parenchymatous  cartilage). 

3.  Mount  a  section  of  the  epiglottis  in  the  same  way.  Notice  the  closer 
network  of  much  finer  elastic  fibres  in  its  cartilage. 

4.  Cut  sections  of  white  fibro-cartilage  (intervertebral  disk  or  semilunar 
cartilage  of  knee),  which  has  been  hardened  in  picric  acid  followed  by  spirit,  or 
in  spirit  only.  'Stain  the  sections  with  dilute  haematoxylin  or  carmalum.  Mount 
in  dilute  glycerine.  Observe  the  wavy  fibres  in  the  matrix  and  the  cartilage-cells, 
sometimes  branched,  lying  in  cleai'  areas  often  concentrically  striated.  Sketch 
three  or  four  cells  and  the  adjoining  fibrous  matrix. 


HYALINE   CARTILAGE   (continued). 


Costal  cartilage. — In  the  rib-cartilages  (fig.  137)  the  matrix  is  not  always 
as  clear  as  in  the  cartilages  of  the  joints,  for  it  more  often  happens  that 
fibres  become  developed  in  it.  The  cells  are  generally  larger  than  those  of 
articular  cartilage,  and  collected  into  larger  groups  (fig.  138).  Near  the 
circumference,  and  under  the  perichondrium  or  fibrous  covering .  of  the 
cartilage,  they  are  flattened  and  parallel  to  the  surface,  but  in  the  deeper 
parts  they  have  a  more  irregular  or  a  radiated  arrangement.  They 
frequently  contain  fat.  The  cartilages  of  the  larynx  and  windpipe  and 
of  the  nose  resemble  on  the  whole  the  costal  cartilages,  but  the  study 
of  them  may  be  deferred  until  the  organs  where  they  occur  are  dealt 
with. 
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VELLUW    FIBRO-CAETILAGK. 
Elastic  or  yellow  fibro-cartilage  occurs  in  only  a  few  situations,  viz.  :  — 
the   cartilage   of   the   external  ear,   that    of    the    Eustachian   tube,  and   the 


Fici.  187.— Skctiun  of  r[b-cautil.\(;k  ok  vw.v.     High  power. 

The  matrix  is  indistinctly  fibrous.     Two  or  three  cniiity  cell-spaces  are  seen  in  the  section, 
the  cells'havincr  dropped  otit  in  the  course  of  preparation. 


Fic.  138. —Section  hf  cost.m.  c  .vktil.\(Ii:.     Photograph.     Magnitied '240  diameters. 

The  section  shows  several  t;i-onps  of  eartilape-cells.  Capsule  outlines  are  seen  around  the  g-roups 
and  also  around  the  indi\i(lnal  cells.  The  part  around  the  cells  and  cell-o-roups  is  stained  more 
than  the  rest  of  the  matrix. 


epiglottis  and  cartilages  of  i^antorini  of  the  larynx.  The  matrix  is  every- 
where pervaded  except  immediatel)'  around  the  cells  and  cell-groups  with 
well-defined  branching  fibres,  which  unite  with  one  another  to  form  a  close 


hinKO-CAK'ni.ACIi 


network    (fig.    139).      These  fibres   resist  the  action  of   aeetie  acid,   and  are 
stained  deeply  bv  magenta  and  oreeiii  ;  the\'  are  evidently  elastic  fibres.      In 


fi^' 


^  ^i%^i, 


5  ( -s  I 


Fu:.  1S9. — Section   of  elastic  cvrtieai:!:  er  ear,   human'.     (Sobotta.)       .280. 
c,  L-;irtila]^-e-cells  ;  fii]t.  theic  (.Minnies  ;  //j,  rli-;ir  matrix  arouiiil  cells  and  (■en-i?l'OU]>s  ;  J\  pUlMtie  filires. 


l''n:.    141).--  Si-;(Ti(iN   nr  Ai;V'rt>;N(in)  ca iltil.-vce  ok  calf  .vv  .irNcritiN   of   iivai.ini; 
WITH    Ki.ASTir   FOETioNs.      .MagiiiHcil  ."lO  (liiimcters. 

the  ox  tiiev  are  very  large,  but  smaller  in  man,  especially  in  the  cartilage  of 
the  epiglottis.  The}'  appear  to  be  developed,  as  with  clastic  tissue  else- 
where (see  p.   97),   by  the  deposition   of   gi'anules   of   ela.stin  in  the  matrix 
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(lig.  141);  t\\v  gi-aiiulcs  at  first  lie  .scattrrcil,  l)ut  afterwards  becmne  joined 
to  form  fibres. 

"WHITE    FIBRO-CARTILAGE. 

White  fibro-cartilage  is  found  wherever  great  strength  cfimbined  with  a 
certain  amount  of  rigidit}'  is  required  :  thus  we  frequently  finfl  this  form  of 
fibro-cartilage  joining  bones  together,  as  in  the  intervertebi'al  disks  and  other 
s_ymphyses.  But  in  these  eases  the  part  in  contact  with  the  bone  is  always 
hyaline  cartilage,  which  passes  gradually  into  the  fibro-cartilage  forming  the  bulk 


m-  ■  '^- 


FtO.     141. — SkCTION    of    elastic    C.\RTn,A(:E    (UFHER   TART    OF   ARYTENOID    OF    CAT.F) 

STAINED  WITH  MA(!ENTA.     Photograph.     Magnified  200  diameteis. 

The  elastin  i.s  seen  partl,\-  in  the  form  of  a  grranular  deposit,  partl,\-  as  finer  and  coarser  inter- 
communicating fibres.  These  are  nowiiere  in  contact  with  the  cartilage-cells,  which  are 
.surrounded  by  clear  cartilage-matrix.  At  most  parts  of  the  section  the  cells  ha^■e  dropped  out, 
but  two  or  three  are  seen  still  mi  sitii. 


of  the  symphysis.  White  fibro-cartilage  is  also  found  lining  grooves  in  which 
tendons  run,  and  it  may  be  found  in  the  tendons  themselves.  It  is  employed 
to  deepen  cup-shaped  articular  surfaces ;  and  in  the  case  of  the  interartieular 
cartilages,  such  as  those  of  the  knee  and  lower  jaw,  to  allow  greater  freedom 
of  movement  whilst  diminishing  the  liability  to  dislocation.  Under  the 
microscope  white  fibro-cartilage  looks  very  like  fibrous  tissue,  but  its  cells 
are  cartilage-cells,  not  tendon-cells  (figs.  142,  143).  They  are  rounded  or 
bluntly  angular  and  surrounded  by  a  concentricalh'  striated  area  of  clear 
cai'tilage-matrix.  In  some  parts  of  the  intervertebral  disk  many  of  the  cells 
are  branched,  and  may  be  looked  upon  as  transitional  forms  to  connective- 
tissue  corpuscles.  ,      , 


DEVELOPMEN'r  OF   CARf/LAG/i  109 


DEVELOPMENT    OF    CAKTILA(;E. 


Cartilage  is  foriiu'il  in  the  einbiyi)  from  inesenehyine  .similar  to  that 
which  gives  origin  to  other  forms  of  connective  tissue.  Each  cell  forms  a 
capsule   around   itself,  and   the  blended  capsules  compose  the   first   matrix. 


n .-  -(-.,  -^^ 
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Fic.   142. — Ski'tiu.x  111'  wiHTii  rirKu-CAKTUjAdii.     I'liutograpli. 
Magnified  201.1  diameters. 

The  i,^njiin(l-siil).staiii.'e  is  i>L'i'\"a(k'(l  liy  WA\y  (.■oniici.ti\  u-ti.s:siie  liltres. 


Fill.     143. — White    FII!RO-C,VRTIL.V(iE    FKOIM    an    INTEKVERTEliK.VL    DISK,    HUMAN. 

Highly  magnified. 

The  conceritrifj  lijics  arouiul  the  i^ells  indicate  the  liniity  of  dejtosit  of  siieeeHKi\e  eapsiiles.  One 
of  the  cellb  has  a  forlted  process  which  extends  beyond  the  hyahne  area  surroundinj,^  the  cell, 
aMtonL,^st  the  fibres  of  the  ;,^eneral  matrix. 

Cartilage  .sometimes  remains  in  this  condition  throughout  life  ;  it  is  then 
termed  parenchymatous  cartilage.  This  can  be  seen  in  the  mouse's  ear  ; 
where  also  the  cartilage-cells  become  filletl  with  fat.  Cartilage  at  first 
grows  partly  by  interstitial  expansion  (accompanied  Ijv  cell  multiplication 
and  by  foi-mation  around  and  between  the  cells  of  intercellular  sub.stance), 
partly  Ijy  apposition  at  the  perichondrium,  the  conuecti\'e  tissue  becoming 
here  transformed  into  cartilage.      At  a  later  perind  nf  growth  the  increase 
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in  size  and  change  in  shape  of  cartilages  are  due  almost  entirely  to  the 
agency -of  the  perichondrium. 

Embryonic  cartilage  is  usually  characterised  by  the  cells  being  more 
sharply  angular  and  irregular  pin  some  cases  they  are  branched,  like  those 
which  occur  at  the  junction  of  cartilage  and  synovial  membrane  in  the 
adult.  The  cells  are  also  more  closely  packed,  the  matrix  being  in  relatively 
less  amount  than  in  later  life. 

Fibro-cartilage  is  developed  at  first  in  exactly  the  same  manner  as 
hyaline  cartilage,  but  at  a  certain  stage  connective-tissue  fibres,  either 
elastic  or  white,  become  formed  in  the  ground-substance  or  matrix,  and 
as  they  accumulate  they  impart  their  distinctive  character  to  the  tissue.  - 

In  some  parts  where  white  fibro  -  cartilage  is  found  there  is  reason 
to  believe  that  the  tissue  is  at  first  entirely  fibrous,  like  tendon  or 
ligament,  and  that  the  cartilage  is  a  secondary  formation.  In  such  cases 
the  cartilage-cells  are  probably  formed  by  a  direct  transformation  from  the 
tendon-cells. 


LESSON    XIII.       ■ 
THE  CONNECTIVE  TISSUES  {continued). 

1.  In  thin  we'jtions  of  hard  bone  made  by  grinding,'  observe  the  Haversian  i^rtualw, 
lamellfe,  laounw,  canaliculi,  etc.    Make  sketches  undei'  low  and  high  powei's. 

•2.  With  fine  forceps  strip  off  a  thin'  slu-ed  from  the  superficial  layers  of  a  Vjone 
which  has  been  decalcified  in  5  pei'  cent,  commercial  sulphurous  acid  and  afterwards 
washed  with  water  for  24  hours.  The  decalcified  bone  may  be  kept  in  dilute 
alcohol.  Mount  the  shred  in  watei'.  Observe'  the  fibrous  structure  of  the  lamella;. 
Look  for  perforating  fibres  or  the  holes  from  which  they  have  been  dragged  out. 
Sketch  a  small  piece  of  the  thin  edge  of  alamella. 

3.  Stain  successively  with  dilute  magenta  and  hsematoxylin  solution,  oi-  with 
.  methyl-blue  and  eosin,  very  thin  sections  of  compact  bone  which  has  been  fixed 

with  10  per  cent,  foi'mol  (1  to  3  days)  and  then  decalcified  in  sulphurous  acid  as  above. 
Mount  in  dilute  glycerine,  cementing  at  once.  Look  for  fibres  of  Shai'pey  piercing 
the  circumferential  lamellfe.  The  elastic  perforating  fibres  ai'e  more  darkly  stained 
than  the  others.  Notice  the  stained  nuclei  of  the  bone-corpuscles  in  the  lacuna:'. 
J  I)  thin  sections  the  blood-vessels  and  other  structures  in  the  Haversian  canals 
may  be  made  out. 

4.  Mount  in  dammar  a  section  of  a  foetal  lowei-  jaw  which  has  been  stained  in 
bulk  and  embedded  in  paraffin.^    Find   the  part  where  the  lower  jaw-bone  is 

"  becoming  ossified,  and  carefully  study  the  appearance  which  itlpresents.     The  bone 
is  prolonged  in  the  foi'm  of  osteogenic  fibres  which  are  covered  with  osteoblasts. 

.o.  Intramembranous  ossification  may  also  be  studied  in  the  parietal  bone  of 
a  f(etus  which  has  been  preserved  in  Milller's  fluid.  A  piece  of  the  growing  edge 
is  scraped  or  brushed  free  from  its  investing  membranes,  and  from  most  of  the 
cells  which  cover  and  conceal  it,  and  is  mounted-  in  glycerine  with  or  without 
previous  staining  with  carmalum. 

6.  Mount  in  dammar  sections  of  a  foetal  limb  which  has  been  stained  in  bulk. 
The  bones  will  be  found  in  different  stages  of  ossification,  those  of  the  digits  being 
least  developed.  Make  sketches  illustrating  the  three  chief  stages  of  endochondral 
ossification.     Notice  the  peculiai'  terminal  ossification  of  the  third  phalanx. 


BONK  ;  HTKUCTURE  AND  DEVELOPMENT. 

Bone  is  a  connecti\u  tissue  in  which  the  ground-substance  is  impregnated 
with  salts  of  lime,  chiefly  phosphate,  these  salts  constituting  about  two- 
thirds  of  the  weight  of  the  bone.  AVhen  bones  are  macei'ated  this  earthy 
matter  prevents  the  putrefaction  of  the  animal  niattei'.  When  bones  are 
calcined  they  lose  one-third  of  their  weight,  owing  to  the  destruction  of  the 
animal  matter ;  when  steeped  in  acid   the  earthy  salts  are  dissolved  and 

'  Such  a  section  should  be  purchased. 

^  8ee  Appendix  for  method  of  staining  in  bulk.     In  place  o£  this  the  sections  may 
be  stained  by  Mallory'a  method,  which  brings  out  the  osteogenic  fibres. 
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only   the  animal    matter  is   left.     This,    like    areolar   and   fibrous   tissue,   is 
con\erted  into  gelatin  by  boiling. 

Bony  tissue  is   either   conipact  or  cuncellaled.     Compact   bone  is  dense, 


pi- 


H. 


p'C 


Fici.  144.— Section  of  a  decatxified  human  kadius.     (Sobotta. )     x  48. 

p,  veriosteurn  :  -pi,  ])eriostea!  bony  lamella;;  p'l',  deeply  seated  laniellie  l^et^\ee^  the  Haversian 
systems  ;  H ,  Haversian  s,\  stems ;  fr,  ir,  trabecnhe  of  spon{;ry  substance  ;  ml,  lamella^  lionndin^^ 
medullary  spaees. 

like  ivory  ;  cancellated  is  spongy  with  ob\ious  interstices.  The  outer  layers 
of  all  bones  are  compact,  and  the  inner  part  is  generally  cancellated,  but 
the  shaft  of  a  long  bone  is  almost  entirely  made  up  of  compact  substance, 
except   along   the   middle,   which    is   hollow   and   filled  with  marrow.      The 


STRUCTURE    OJ'    HOyE 


1 1 


interstices  of  cancellated  bone  are  also  occupieil  l>v  inairow.  Exteirialh' 
bones  are  co\'ered  except  at  the  joints  by  a  \ascuUir  fibrous  membrane,  the 
periosteutn. 

True  bone  is  always  made  up  of  ImneUce,  and  these  again  are  composed 
of  fine  fibrea  lying  in  a  calcijied  f/mund-subsia/ice.  Between  tlie  lamelUe 
are  branched  cells,  the  hoiie-cor[mscles,  which  lie  in  cell-spaces  or  lai-nud'. 
The  ramified  passages  which  contain  the  cell-processes  un<l  unite  the  lacini^H 
are  termed  caiinlieuli. 

In  cancellated  bone  the  blood-vessels  run   in  the  interstices  of  the  bone, 


Fi  .    145 — Ph  t     r\ph     f  TRv\s\Frsi>    sfction    if        mi  \rT    l  m,     rM>     i^ 

CRINDINC,      SHO\VrN(!      THREE      HAVERSIAN      CANALS      WITH      THEIR       CUN'CENTRIC 
EAMELL^*;,     AND     ALSO      INTER-HaVEKSIAN      BONY     SUBSTANCE.         Magnified     200 

diameters. 

a,  Haversian  canal,  filled  with  air  and  debris;  a',  a  very  small  canal;  b,  h,  junction  of  two 
Haversian  systeni.s  ;  ft',  margin  of  Haversian  -system  abutting,'  on  inter-Haversian  lamellfe  ; 
c,  c,  c,  lamellae  parallel  to  periosteum  ;  f/,  inter-Haversian  bone  with  irreta:nlai'  Iaf'unii\ 

surrounded  and  supported  b}'  the  marrow.  In  compact  bone  they  are 
contained  in  little  canals — the  Haversvin  canals — which  everywhere  pervade 
the  bone.  These  canals  ai'e  about  0-05  mm.  (^^J■Yy  inch)  in  diameter,  but 
some  are  smaller,  others  larger  than  this.  Their  general  directidn  is 
longitudinal,  i.e.  parallel  to  the  long  axis  of  the  bone,  but  they  are  constantly 
united  by  transversely  antl  obliquely  running  passages.  In  a  section  across 
the  shaft  of  a  long  bone  they  are  seen  as  small  rounded  or  oval  holes 
(flg.  144).  When  the  section  has  been  made  by  grinding,  the  lioles  get 
filled  up  with  air  and  debris,  and  they  then  look  black  by  transmitted  light, 
as  do  also  the  lacunie  and  canaliculi  (fig.  145).  Most  of  the  lamelke  in 
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compact  bone  are  disposed  concentrically  ar(jund  the  Haversian  canals; 
they  are  known  as  the  Haversian  lamellfe,  and  with  the  included  canal,  form 
what  is  known  as  a  Haversian  Kyutem.  The  lacunie  of  a  Haversian  system 
communicate  with  one  another  and  with  the  Haversian  canal,  but  not  as  a 
rule  with  the  lacuna^  of  adjacent  Haversian  systems.  The  angular  interstices 
between  the  Haversian  systems  are  generally  occupied  by  bony  substance 
which  is  not  regularly  lamellar  (figs.  14.5,  146,  d).  Besides  the  lamella? 
of  the  Haversian  systems  there  is  a  certain  thickness  of  bone  at  the  surface, 
immediately    underneath    the    periosteum,    which    is    composed    of    lamella; 


i-*  ':^^^W^^^ 


Flli.    14(j. — LoNCITUDIN.il,  SEOTJON    OF  COMPACT    BONE,  SHdWINC  HAVERSIAN  SYSTEMS 

OF  T-AMELL^;,  AND  inter-Haversian  BONE.     Magnified  200  diameters. 

a.  Haversian  canal  cut  long-itudinally  ;   /),  junction  of  two  Ha\  ensian  systems  of  lamelhe  ; 
t\  margin  of  Haversian  system  abiittinfr  upon  inter-Haversian  tjone  with  irre^lar  lacuna^,  d. 


arranged  parallel  with  the  surface  ;  these  are  the  periostea!  lamella'  (fig. 
1 44,  pi).  They  are  pierced  here  and  there  by  simple  canals  for  blood- 
vessels, the  so-called  Volhnann's  canals,  which  are  proceeding  from  the 
periosteum  to  join  the  .system  of  Haversian  canals,  and  by  calcified 
bundles  of  white  fibres  and  by  elastic  fibres  which  may  also  be  prolonged 
from  the  periosteum.     These  are  the  per/orating  fibres  of  Sharpey  (fig.  147). 

The  lamellse  of  bone  are  fibrous  in  structure.  This  may  be  seen  in 
shreds  torn  off  from  the  superficial  layers  of  a  decalcified  bone.  The 
fibres  {decussating  fibres  of  Sharpey,  lamella-fibres)  often  cross  one  another 
in  adjacent  lamella?,  ami  in  the  Haversian  systems  they  run  in  .some  lamella? 
concentrically,  in  others  parallel  with  the  Haversian  canal.  In  shreds  of 
lamelhe  which  have  been  peeled  off  from  the  surface  the    perforating  fibres 
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Fu;.   147. —Transverse  section  of  decalcified  huiman  tibia,  from  near 

THE    SURFACE    OF    THE    SHAFT. 

ir,  H,  Ha\'ersian  canals,  with  their  systems  of  concentric  lamellje  ;  in  all  tlie  rest  of  the  figure  the 
lamellse  are  periosteal  ;  s,  s,  ordinary  perforating  fibres  of  Sharpey  :  c,  f,  elastir*  perforat- 
ing fibres.     Urawn  under  a  ]io\ver  of  about  l-'iO  diameters. 


<J 


Fk:.   148. — 'L\^\vAA,JR  torn  off  from  a   decalcified  human   i'arietal  p.dne 

AT  some  depth  from  THE  SURFACE. 

a,  laniellte,  showing  decussating  fibres  ;  h,  b,  thicker  part,  where  several  lanicihe  are  superposed  ; 
c,  c,  perforating  fibres  ;  the  fibrils  which  compose  them  are  not  shown  in  the  figure.  Apertures 
through  which  perforating  fibres  had  passed  are  seen,  especially  in  the  lower  part,  a,  of  the 
Hgure.  Magnitude  as  seen  under  a  power  of  20U  diameters,  )iut  not  drau-ii  to  scale.  (Sketched 
by  Allen  Thomson  from  a  preparation  hy  W.  Sharpey.) 
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may  sometimes  be  seen  projecting  from  the  surface  of  the  shred,  having 
been  torn  out  of  the  deeper  lamellae  (fig.  148,  c,  «).  When  tendons  or 
ligaments  are  inserted  into  bone,  their  bundles  of  white  fibres  are  prolonged 
into  the  bone  as  perforating  fibres. 

The  lacunse  are  occupied  by  nucleated  corpuscles,  which  send  branches 
along  the  canaliculi  (fig.  149).  They  have  a  special  lining  layer  different 
in  chemical  composition  from  the  rest  of  the  bone,  being  much  more 
resistant  to  the  action  of  strong  chemical  solvents  such  as  hydrochloric 
acid  (Neumann).  The  dentinal  tubules  of  the  teeth  have  a  similar  lining 
layer. 

The  Haversian  canals  contain  one  or  two  blood-capillaries  and  nervous 
filaments,  besides  a  little  connective  tissue;    the  larger  ones  may  include 


Flfi.   149.  —A  BOSE-CKLL  ISOLATED 

AND   HIGHLY   MAUNIFIED. 

(■Joseph. ) 

a,  proper  wall  of  the  lacuna  (Neumann's 
layer),  where  the  corpuscle  has 
shrunken  away  from  it. 


Fif!.    1.50. — Section    or 


Havkrsiax 


f'ANAL,    SHOWINfi    ITS    CONTENTS. 

Highly  magnified. 

,  small  arterial  capillary  vessel ;  c,  large  venous 
capillary ;  n,  pale  nerve  fibres  cut  across ; 
I,  cleft-like  lymphatic  vessel ;  one  of  the  cells 
forming  its  wall  communicates  by  fine  branches 
with  the  branches  of  a  bone-corpuscle.  The 
substance  in  which  the  vessels  run  is  connec- 
tive tissue  with  ramified  cells ;  its  finely 
granular  appearance  is  probably  dTie  to  the 
cross-section  of  fibrils.  The  canal' is  surrounded 
by  several  concentric  lamellse. 


a  few  marrow-cells.  There  are  also  cleft-like  lymphatics  running  with  the 
blood-vessels,  their  cells  being  connected  through  canaliculi  with  branches 
from  corpuscles  within  the  neighbouring  lacunse  of  the  osseous  substance 
(fig.  150). 

The  periosteum  may  be  studied  in  torn-off  shreds,  in  preparations  stained 
in  situ  with  silver  nitrate,  and  in  stained  sections  from  an  unmacei'ated 
bone  which  has  been  decalcified.  It  is  a  fibrous  membrane  composed  of 
two  layers,  the  inner  of  which  contains  many  elastic  fibres.  In  the  outer 
layer  numerous  blood-vessels  ramify  and  send  branches  to  the  Haversian  canals 
of  the  bone.  The  periosteum  ministers  to  the  nutrition  of  the  bone,  partly 
on  account  of  the  blood-vessels  and  lymphatics  it  contains,  partly,  especially 
in  young  animals,  on  account  of  the  existence  between  it  and  the  bone  of  a 
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layer  of  ostcohlasU  or  bone-formhiy  relh,  a  remainder  of  those  which  originally 
produced  the  bone.     Tt  also  serves  to  give  attachment  to  muscular  fibres. 
The  marrow  of  bone  has  been  already  studied  (pp.  4-5  to  47). 


.-stgcasi?) 


Fig.  151. — Section  or  ph.vlange.vl  bose  nt-  human  fo;tus  at  the  tijie  or  com- 
MEN'Cixr;  ossific.vtion.  (From  a  prepaiation  by  Dr  F.  A.  Dixey.)  The  prepara 
tion  was  stained  in  bulk  with  magenta.  'I'he  diaAving  is  made  from  a  iihotograpli , 
and  is  magnified  about  75  diameters. 

The  cartila^e-eells  in  the  centre  are  enlarged  and  are  separated  from  one  another  li>-  stained 
calcified  matrix  ;  iin.,  layer  of  bone  deposited  underneath  the  periosteum  ;  e,  layer  of  osteo- 
blasts by  which  the  la}'er  has  been  formed.  Some  of  the  osteoblasts  are  already  embedded 
in  the  new  bone  a,s  bone-cells  within  lacunte.  The  eartilaj;re-cells  are  flattened  and  arranged 
in  rows  abo\'e  and  l)elo\v  the  calcified  centre.  At  the  end.s  of  the  cartilage  the  cells  are  small 
and  the  groups  arc  in-egularly  at  ranged:  the  fibrous  j.eriostcnni  is  not  stiarply  marked  oft" 
from  the  cartilage. 


liE\'EI,ilP.\IENT    III'    l!OM';. 


True  bone  is  formed  in  all  cases  by  ossification  (if  connecti^e  tissue. 
Sometimes  the  bone  is  preceded  by  cartilage,  whicli  first  becomes  calcified, 
and  this  is  then  invaded,  and  for  the  most  part  removed,  by  an  embryonic 
connective    tissue    whicli    re-deposits   bon}'    matter    in    the    interior    of    tlie 
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cartilage.  This  is  infracrirtilaginous  or  endochondral  ossification.  At  the 
same  time  layers  of  bone  ai-e  being  developed  outside  the  cartilage  underneath 
the  periosteum.  The  whole  bone  thus  formed  is  termed  a  cai^tilage-hone. 
Sometimes  the  bone  is  not  preceded  by  cartilage,  and  then  the  only  process 
which  occurs  is  one   corresponding   to   the   subperiosteal  ossification  of  the 


Kk;.  15'2. — Skctio.v  of  part  of 
one  of  the  lime-bones  of 
a   fcetal   cat,    at   a    moke  ' 

ADVANCED  STAfiE  OF  OSSIFI- 
CATION THAN  THE  BONE  RE- 
I'RESENTED  IN  FIO.  151,  AND 
MORE       HIOHLY       31AONIFIEI). 

Drawn  fitmi  a  photograph. 

The  calcitication  of  the  cartila^a'- 
iiiatrix  ]ias  ad\  aiiced  from  the 
centre,  and  is  extending  between 
the  g^roups  of  cartilag'e-cells,  which 
are  arranged  in  characteristic 
rows.  The  subperiosteal  bon> 
deposit  {im)  has  extended  pari 
jjassti  with  the  calcification  of  the 
cartilage  -  matrix.  The  cartilage- 
cells  in  the  calcified  part  are 
mostly  shrunken  and  stellate  ;  in 
some  cases  they  have  dropped  out 
of  the  spaces.  At  ir  and  in  two 
other  places  an  irruption  of  the 
subperiosteal  tissue,  composed  of 
ramified  cells  with  osteoblasts 
and  growing  blood-\essels,  has 
penetrated  the  subperiosteal  bony 
<TUst,  and  has  begun  to  exca- 
vate medullary  spaces  ;  p,  fibrous 
layer  of  the  periosteum  ;  w,  layer  of 
osteoblasts :  some  of  them  are 
embedded  in  the  osseous  la>  er  as 
lione  -  corpuscles  in  lacunar.  The 
l)lood-vessels  are  occupied  by  blood- 
corpuscles.  Beyond  the  line  of 
ossitic  advance  the  periosteum 
ma\  be  noticed  to  be  incurved. 
This  incurvation  is  gradually  mo^  ed 
on,  the  cartilage  expanding  behind 
it  until  the  head  of  the  bone  is 
reached,  when  it  forms  the  perio- 
steal notch  or  groove  represe?ited 
in  figs.  155  and  15y. 


cartilage  bone  :  the  ossification  is  then  known  as  intra Diemhranous,  and  the 
Ixtne  formed  is  a  menihrane-hone. 

Ossification  in  cartilage.— This  may  be  described  as  occurring  in  three 
stages. 

In  t\\^  first  stag''  the  cells  in  the  middle  of  the  cartilage  become  enlarged 
and  arranged  in  rows  radiating  from  the  centre  (fig.  151),  and  fine  granules 
of  calcareous  matter  are  deposited  in  the  matrix.  Simultaneously  with  this 
the  osteoblasts  underneath  the  periosteum  deposit  a  laj^er  or  layers  of  fibrous 
material  upon  the  surface  of  the  cai-tilage,   and  this  material  also  becomes 
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calcified  (fig.  151,  im).     As  the  layers  are  formed,  some  of  the  osteoblasts  (p) 
are  included  between  them  and  become  bone-corpuscles. 

In  the  second  stage  the  vascular  .subperiosteal  tissue  eats  its  way  through 
the  newly  foi'ined  layer  of  bone  and  into  the  centre  of  the  calcified  cartilage 
(fig.  152,  it).  This  is  freely  absorbed  before  it  (figs.  153,  15-1),  so  that  large 
spaces  are  produced  which  are  occupied  by  embryonic  connective  tissue  of 
a  jelly-like  character    (fig.    158)  including    numerous  osteoblasts   and  .many 


Fig.    153. — Pakt    ui--    ,\     ldnui- 

TTDINAL  SECTION  OF  THJ: 
l>KVEI.(iriN(;      FKMUK      OF      THE 

RABBIT.  (Klein. )  Drawn 
under  ;i  magnifying  power 
of  350  diameters. 

ft,  rows  of  flattened  cartilage  -  i/ells  ; 
6,  greatly  enlarged  cartilage  -  cells 
close  to  the  advancing  bone,  the 
matrix  between  is  partly  calcified ; 
c,  d,  ah'eady  formed  bone,  the 
osseous  trabecule  being  co\'ered 
with  osteoblasts  (c)  except  here  and 
there,  where  an  osteoclast  if)  is 
seen  eroding  parts  of  the  trabec- 
iila! ;  <j,  h,  cartilage  -  cells  which 
have  become  shrunken  and  irreg- 
ular in  shape.  From  the  middle 
of  the  figure  downwards  the  tra- 
beculie,  which  are  formed  of 
calcified  cartilage  -  matrix,  are  be- 
coming covered  with  secondary 
osseous  substance  deposited  by 
the  osteoblasts.  The  vascular 
loops  at  the  extreme  limit  of  the 
bone  are  well  shown,  as  well  as  the 
atrophy  and  abrupt  disappearance  of 
the  cartila^e-cells. 


sinus-like  blood-vessels  which  have  grown  in  from  those  of  the  periosteum. 
The  spaces  are  termed  warroiv  or  medullary  spaces^  and  this  second  stage 
is  known  as  the  stage  of  irruption. 

In  the  third  stage  of  endochondral  ossification  there  is  a  gradual  advance 
of  the  ossification  towards  the  extremities  of  the  cartilage,  and  at  the  same 
time  a  gradual  deposition  of  fresh  bony  layers  on  the  walls  or  septa  of  the 
medullary  spaces,  and  on  the  surface  of  the  noAv  bone  under  the  periosteum 
(figs.  153,  157,  158).  The  advance  into  the  cartilage  always  takes  place  by 
a   repetition   of    the    same   changes,    the   cartilage-cells    first    enlarging    and 
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becoming  arranged  in  rows,  the  matrix  between  the  rows  becoming  calcified, 
and  then  tlie  calcified  cartilage  becoming  excavated  from  behind  by  the 
osteoblastic  tissue  so  as  to  form  new  medullary  spaces  (fig.  153).  The' 
S3pta  between  these  are  at  first  formed  only  by  remains  of  the  calcified 
cartilage-matrix  (fig.  153,  c),  but  they  soon  become  thickened  by  layers  of 
fibrous  bone  whicli  is  deposited  by  the  osteoblasts  (fig.    156),   and  between 


•■?,v 


J  ( 


Fr;.    I.i4. 


-Lu^UITUUINAL    SECTION    THKOIGH    P.VitT    OF    A    PHALANX    OF   A    SIX 
MUMHS'    HUMAK    EMBRYO.       ( KolllkeV.  ) 


Tlie  calt-ified  L-iirLilaj,^e  is  completely  absorbed  almost  to  the  limit  of  advaneinj^  culcilication.  The 
osseous  substance  on  either  side  is  periosteal  bone.  The  embryonic  marrow  has  shrunk  some- 
what away  from  it  in  the  process  of  fixation. 


the  layers  bone-corpuscles  become  included,  as  in  the  ca.se  of  the  subperiosteal 
bone.  The  latter  advances  pari  'passu  with  the  endochondral  calcification, 
growing  both  in  length  and  thickness :  its  growth  is  preceded  by  the 
formation  of  osteogenic  fibres  like  those  met  with  in  developing  membrane 
bone  (.see  p.  124).  Beyond  the  line  of  advance  of  ossification  the  uncalcified 
cartilage  grows  by  expansion  both  in  length  and  breadth,  so  that  the 
ossification  is  always  advancing  into  a  larger  mass  of  cartilage;  hence  the 
endochondi-al  bone  as  it  forms  assumes  the  shape  of  an  hour-glass,  the  shaft 
being  maintained  of  a  cylindrical  shape  by  addition  of  periosteal  bone  to  the 
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outride,  thi.s  addition  being  of  course  ahvays  thickest  in  the  middle  i»t'  the  shaft 
(see  fig.   155).      The  absorpti(.>n  of   the  calcified    cartilage-matrix  appears   to 


Fii;.  l."J,3. — LuNOlTl'DINAI.  SE(  - 
TIU^'  THROUGH  THE  UI't'EK 
HALF  OF  THE  DECALCIFIED 
irt'MEKrS  OFAF(ETAL  SHEEP, 
AS  SEEN  UI^DEK  A  MAGNIFY- 
IN* ;  POWEK  OF  ABOUT  30 
DIA.METEKS. 

t;,  the  part  of  the  shaft  whicli  was 
lirimarily  ossified  in  eartilag-e : 
\vhat  remains  of  the  i)rimary  hone 
is  represented  dark,  enveloped  hy 
the  clear  secondary  deposit.  The 
iireoho  of  the  hone  are  occupie'l 
hy  enil)r>'oijie  marrow  witli  osteo- 
hiaijts,  and  blood-\-esseIs  ^■ar^ousI\ 
cut.  C>ne  lonj,'  straight  vessel  (he) 
passes  in  ad\"ance  of  the  line 
of  ossification  far  into  the  carti- 
laginous head,  most  of  the  others 
loop  round  close  to  the  cartilag-e. 
At  one  or  two  places  in  the  older 
parts  of  the  bone  elong:ated  groups 
of  cartilage-cells  {cc)  may  still  be 
seen,  which  have  hitherto  escaped 
absorption.  »i,  the  part  of  the 
bone  that  has  been  ossified  in 
membrane,  that  is  to  say,  in  the 
osteoblastic  tissue  under  the  perios- 
teum. It  is  well  marked  off  from 
the  central  portion  (c),  and  is 
l)Ounded,  peripherally,  by  a  jagged 
edge,  the  projections  of  which  arc 
indistinctly  seen  to  be  prolonged 
by  bunches  of  osteogenic  fibres. 
A  row  of  oteoblasts  co\'ers  the 
superficial  layer  of  the  bone.  The 
subperiosteal  layer  is  prolonged 
above  into  the  thickening  iy) 
which  encroaches  upon  the  car- 
tilage of  the  head  of  the  bone, 
and  in  which  are  seen  amongst 
numerous  osteoblasts  and  a  few 
blood- \"essels,  the  straight  longi- 
tudinal osteogenic  fibres  ("/),  and 
some  other  fibres  {pf)  crossing 
them,  and  perhaps  representing 
fibres  of  Sharpey.  The  calcareous 
salts  having  been  remo\ed  by  an 
acid,  t)ie  granular  nature  of  the 
ossific  deposit  between  the  rows  of 
cartilage-cells  is  not  seen  in  thi^ 
specimen  ;  it  would  ha\e  extended 
as  far  as  a  line  joining"  the  marks 
X  X.  Obser\"e  the  general  ten- 
dency of  the  osseous  trabeculff. 
and  the  \'ascular  channels  between 
them  to  radiate  from  the  original 
centre  of  ossification.  This  is  found 
to  prevail  more  or  less  in  all 
bones  when  they  are  first  formed, 
although  the  direction  of  the 
trabecula;  may  afterwards  become 
modified  in  relation  with  \\.\x\  ■ 
ing  physiological  conditions,  and 
especially  as  the  result  of  pressure 
i?)  different  i.lirections. 


be  effected,  as  is  the  case  with  absorption  of  bony  matter  ^vhere^  ei-  it  occurs, 
by  large  multi-nucleated  cells  (fig.  153,  /',_/';  fig.  156)  which  are  termed  i.>i<leo- 
dasts.  These  are  multi-nucleaterl  giant  cells  like  th(»se  of  the  marrow; 
thev   are    always    found    on    surfaces    where   absorptiim    of    Iiojic   is   taking 
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place,  whereas   on   surfaces  where   bony  deposit   is   proceeding   osteoblasts 
occur. 

The  bone  which  is  first  formed   is   more   reticular   and   less   regularly- 
lamellar  than  that  of  the  adult,  and  contains  no  Haversian  systems.     The 


Fig.  156. — Boky  TRAKKCUi.iE  from  thk 

DEVELOPING  LOWER  JAW  OF  V  CALF, 
SHOWIKG  OSTEOCLASTS  AT  THE  EX- 
TREMITIES WHERE  ABSORPTION  IS  PRO- 
CEBDISG,  AND  OSTEOBLASTS  COVERING 
THE       SIDES      WHERE       DEPOSITION      OF 

BONE  IS  GOING  ON.     (Kolliker. ) 


Fig.    157. — Tbansvekse    section    of    a    developing 
bone,  showing  the  periosteal  layer  becoming 

FORMED  PROM   OSTEOGENIC  FIBRES.      LoW  power. 

c&,  cartiliige  bone ;  pb,  periosteal  bone ;  «p,  bone  spicules  prolonf^ed 
lay  osteogenic  fibres ;  p,  periosteum ;  bl,  blood-vessels ;  c, 
remains  of  the  calcified  cartilage ;  o,  osteoblasts  forming 
bone  upon  this. 

regular  lamellse  are  not  deposited  until  some  little  time  after  birth,  and  their 
deposition  is  generally  preceded  by  a  considerable  amount  of  absorption. 
It  is  about  this  time  also  that  the  medullary  canal  of  the  long  bones  is 
formed  by  the  absorption  of  the  bony  tissue  which  occupies  the-  centre  of 
the  shaft. 
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After  a  time  the  cartilage  in  one  or  botli  ends  of  the  long  bones  begins 
to  ossify  independently,  and  the  eplplujxon  are  formed  (fig.  IGO).  These  are 
not  joined  to  the  shaft  until  the  grijwth  of  the  bone  is  completed.  Growth 
takes  place  in  leiKjth  by  an  e.xpansiou  of  the  cartilage  which  intervenes 
between  the  shaft  and  the  epiph)-ses  {intermediate  cartiku/e),  and  by  the 
gradual    extension    of    the    os.sification   into   it ;     in   -iridth  entirely   by   the 


FfU.     I."i8. — P.iRT    OF    A    TR.VNSVERSE    SEOTIIIN    OF    .V    DEVELdPIXO    LOXfl     7)0NE 

FROM  A  irrMvx  F(ETUS.     Photograph.     ^Magnified  200  diametei's. 

p,  i'letal  iieriostenni  ;  p\  linne  laid  flown  in  periosteum  ;  c,  endocliondral  bone  composed  of  calcified 
cartila^,'e  in  the  i-entre  of  the  septa  and  layers  of  true  bone  coverinj.^  this  ;  m.,  medullary  spaces 
filled  with  jeily-hke  endjryonic  connecti^-e  tissue  and  lari^e  sinus-like  blood-capillaries. 
Notice  the  osteol)]asts  on  the  surfaces  of  the  newly  formed  bone— iiotli  periosteal  and  endo- 
chondral.    Two  or  three  osteoclasts  can  also  be  seen.  • 


deposition  of  fre.sh  bony  layers  under  the  periosteum.  In  the  terminal 
phalanges  of  the  digits  the  ossification  starts,  not  from  the  middle  of  the 
cartilage,  Imt  from  its  distal  extremity. 

For  the  regeneration  of  portions  of  bone  which  liave  been  removed  by 
disease  or  operation  it  is  important  that  the  periosteum  be  left,  because  a 
considerable  amount  of  the  blood  supply  comes  through  the  ves.sels  of  the 
periosteum,  and  there  are  also  osteoblasts  on  its  under  surface.  But 
fragments    of    bone    may  under    some  circumstances    undergo    regeneration 
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even  after  remo\'al  of  the  periosteum,  by  the  agency  of  the  osteoblasts  and 
vessels  in  the  marrow. 

Intramembranous  ossification.— In  this  variety  of  ossification  (figs.  161, 


k 
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Yv..      159.— Section-     of     the 

OSSIFICATr(.IN     CROOVE     IN    THE 
HEAD    OF    A    LiiNG    BnNE. 

c,  cartihi^^e  ;  %),  periosteal' tissue  witJi 
osteo;,^enii-  tit»res  ami  osteotilasts. 
Tliis  tissue  oeeupies  tlie  "),n-uo'>  e.'' 


Fu).  160.  — Section-  through  kkee- 

JOINT      OF      EIGHT-DAV      KABBIT 
DURING       THE       FORM.-iTIOX       OF 

EPIPHYSES.     (A.  Bidder. ) 

CO,  canal  c-an-,viii[.c  osteolilastie  tissue  from 
the  dia))i\\sis  of  tlie  femur  to  its 
ei'ipli.vsi.s ;  cr,  \aseular  canal  in  car- 
tila-^e  ;  yh,  periosteal  l)one  ;  e,  einpii.\sis 
in  end  of  femur  ;  e',  epipii.\sis  in  liead  of 
til)ia  ;  tliis  contains  an  island  of  nnossi- 
fied  cartilag:e ;  y,  patella,  still  cartila- 
ginous. 


162)  the  bone  is  not  preceded  by  cartilage  at  all,  and  therefore  no  endo- 
chondral bone  is  formed,  but  the  calcification  occurs  in  an  embiyonic 
connective  tissue  which  contains  numerous  osteoblasts  and  blood-vessels. 
The  fibres  of  this  tissue  (osteogenic  fibres)  are  collected  into  small  bundles, 
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Fig.  161. — Part  of  the  uBOwiNa  edgk  of  the  developtnc  parietal  bdne 

OF    A   FOiTAL   GAT,    1^   INCH   LONG. 
sj>,  bone  spicules,  with  some  of  the  osteoblasts  embedded  in  them,  producing  the  lacunae ;  /i/,  osteo- 
genic fibres  prolonging  the  spicules,  with  osteoblasts  (o«i)  between  them  and  applied  to  them 
a,  granular  calcific  deposit  occurrhig  in  the  ground -substance  between  the  fibres  ;  e,  union  of 
two  adjacent  spicules. 


Fig.   162.— Section  of  ossifying  maxillary  ho\k  of  ne\v-bok\  rat. 

{V.  Korfit: ) 
0,  o,  osteoblasts;  h,  bony  substance  with  osteoblasts  and  fibres;  6',  growing  border  of  bone;  c, 
embryonic  connective  tissue,  showing  its  fibres  continuous  with  the  osteogenic  fibres  of  the 
growing  border. 
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and  become  enclosed  in  a  calcareous  matrix,  produced  by  the  deposition  of 
lime  salts  in  the  ground-substance  of  the  connective  tissue;  and  as  the 
fibres  grqw,  the  calcification  extends  further  and  further,  so  that  bony 
spicules  are  formed,  which,  as  they  become  thickened,  run  together  to  form 
reticular  layers,  leaving  spaces  filled  with  jelly-like  connective  tissue  con- 
taining osteoblasts  surrounding  the  blood-vessels.  The  osteogenic  fibres  are 
covered  with  osteoblasts,  and  as  the  bone  forms,  some  of  these  become  left 
as  bone-corpuscles  within  lacunae.  Thus  in  every  particular  the  development 
of  these  bones  resembles  that  of  the  subperiosteal  layer  of  endochondral 
bone ;  which  is,  therefore,  also  to  be  considered  as  an  instance  of  intra- 
membranous  ossification,  although  taking  place  on  the  surface  of  cartilage. 
Moreover,  it  is  the  same  subperiosteal  tissue  which,  in  endochondral  ossifica- 
tion, invades  the  calcified  cartilage  and  after  causing  the  absorption  of 
medullary  spaces  within  thiSj  deposits  the  true  or  secondary  bone  upon  those 
parts  of  the  calcified  cartilage-matrix  which  have  escaped  absorption ; 
this  must  also,  therefore,  be  reckoned  as  developed  according  to  the  same 
type.  In  fact,  even  in  intracartilaginous  ossification,  very  little  of  the 
calcified  cartilage-matrix  eventually  remains ;  this  being  almost  whollj' 
absorbed  and  either  replaced  by  true  fibrous  bone  which  has  been  formed 
by  osteoblasts,  or  swept  away  to  form  the  marrow  cavity  and  other  spaces 
in  the  bone. 

With  reference  to  the  origin  of  the  osteoblasts,  it  is  believed  by  some  authors 
that  they  are  derived  from  the  blood,  being  in  fact  leucocytes  which  have 
wandered  out  of  the  vessels  and  have  taken  on  a  special  osteogenic  function. 
A  more  reasonable  view  regards  them  as  connective-tissue  cells  modified  for  the 
specific  purpose  of  bone  formation.  They  have  also  been  thought,  with  less 
probability,  to  be  formed  by  alteration  of  the  cartilage-cells. 


LESSON   XIV. 
STRUCTURE  OF   MUSCLE. 

1.  Take  a  shred  of  muscle  from  a  recently  killed  mammal,  and  on  a  dry  slide 
carefully  separate  long  pieces  of  muscle  (single  fibres  if  possible)  and  stretch  them 
out,  keeping  them  moist  during  the  process  by  breathing  on  the  slide.  Previously 
a  drop  of  serum  or  Ringer's  solution  must  be  ready  on  the  cover-glass  to  be 
eitiployed  to  mount  the  pi'eparation.  Study  first  with  a  low,  then  with  a  high 
power.  Sketch  all  the  appearances  seen  in  a  small  piece  of  a  fibre,  focussing 
carefully  the  most  superficial  layers.  Notice  the  oval  nuclei  immediately  under 
the  sarcolemma.  Then  allow  a  little  dilute  acetic  acid  to  run  under  the  cover- 
glass  and  watch  its  efiect. 

2.  Prepare  some  fibres  of  frog's  muscle  in  the  same  way,  mounting  in  frog-Ringer. 
Notice  the  muscular  substance  shrinking  away  here  and  there  from  the  sarcolemma, 
which  then  becomes  distinctly  visible.  Sketch  a  piece  of  sarcolemma  bridging 
across  an  interval  thus  produced. 

3.  Study  transverse  sections  of  muscle  which  has  been  hardened  in  alcohol  or 
formol  and  stained  on  a  slide.  Mount  in  dammar.  Examine  the  section  of  a 
fibre  first  with  a  low  and  then  with  a"  high  power.  Sketch  the  appearances 
which  are  seen. 

In  each  of  the  above  preparations  measui'e  the  diameter  of  some  of  the  fibres. 
Sections  of  muscle-spindles  may  be  searched  for  in  the  transverse  sections  of 
muscle. 

4.  Place  in  1  per  cent,  osmic  acid  a  small  shred  of  muscular  tissue  (mammal  or 
crab)  which  has  been  stretched  upon  a  cork.  After  24  hours,  when  it  will  be 
deeply  stained,  wash  it  in  water  and  with  needles  break  the  fibres  up  in  glycerine 
as  finely  as  possible.     Cover  and  examine  with  a  high  power. 

5.  Cut  oS  the  head  of  a  garden  beetle  or  wasp  or  water  beetle,  and  bisect  the 
trunk  with  scissors  so  as  to  expose  the  interior.  Notice  two  kinds  of  muscular 
tissue,  the  one  belonging  to  the  legs  greyish  in  colour,  the  other  attached  to  the 
wings  yellowish.  Preparations  of  both  kinds  of  muscle  are  to  be  made  in  the  same 
way  as  living  mammalian  muscle  (§  1),  but  it  is  better  to  mount  them  in  a  drop  of 
white  of  egg  than  in  serum.  In  both  preparations  the  dark-looking  air-tubes  or 
tracheae  form  prominent  objects  ramifying  amongst  the  fibres.  Observe  the 
structure  of  the  two  kinds  of  muscle  so  far  as  it  can  be  made  out  in  the  fresh 
preparation.  If  the  preparation  is  made  quickly,  waves  of  contraction  will 
probably  be  observed  passing  along  the  fibres. 

6.  Make  another  preparation  of  the  leg-muscles,  mounting  the  muscle  in  vinegar. 
Alcohol-hardened  muscle  of  insect  or  crab  may  also  be  used  for  this  purpose. 
Notice  that  the  muscular  substance  swells  up  somewhat  and  becomes  clearer,  whilst 
the  sarcoplasm-network,  with  its  lines  and  dots,  comes  more  distinctly  into  view. 
In  a  well-teased  preparation  made  in  acid,  the  fibres  are  frequently  found  breaking 
across  into  disks.     Make  careful  drawings  from  this  preparation. 

7.  RoUett's  method.  Cut  off  the  head  of  an  insect  (wasp,  small  beetle),  bisect 
the  trunk  and  place  in  90  per  cent,  alcohol  for  from  24  to  48  hours  or  more.  Then 
take  a  small  piece  of  each  kind  of  muscle,  and  place  in  strong  glycerine  for  some 
hours.  Wash  thoroughly  with  water  and  transfer  to  1  per  cent,  chloride  of  gold 
solution  :  leave  the  pieces  of  muscle  in  this  from  15  to  30  minutes  according  to 
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size.  Kioiii  the  ^nAA  sdhitimi  tljev  are  trausferred  to  formic  acid  (1  part  of  the 
stroiif;-  acid  to  3  "of  water),  and  kept  in  the  dark  foi-  iA  hours,  but  they  may  be 
kejrt  Ioniser  without  disadvantage.  The  muscle  is  then  teased  in  glycerine.  Some 
of  tlie  iilires  will  1ie  found  after  this  process  to  liave  their  sarcoplasm  darkly 
stained,  and  to  sliow  the  appeai-ance  of  a  network  botli  in  longitudinal  and 
transverse  view  :  otliers,  on  the  other  hand,  ha%e  the  sarcous  elements  of  the 
tlbrils  or  sarcostyles  stained,  whilst  the  sarcoplasm  has  remained  colourless. 

8.  The  structuj-e  ..f  the  hbrils  can  also  be  made  nut  in  sections  of  the  hardened 
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Flo.     my.-     S.IRCOLEJIM.V    or    .MAMiMALI,\N     MUSC'LK    HIOHLY     .M.\(4MF1K]1. 

'I'lie  fibre  is  represented  at  a  place  where  the  muscxilar  sub.stance  has  V)eeonie  ruptured  and  lias 
shrunk  a\^■a^■,  lea\in^^  the  sarcolemma  (with  a  nucleus  adherincr  to  it)  clear.  The  filjre  has 
been  treated  with  seruni  acidulated  with  acetic  acid. 

Fro.   164. — Mus(,'UL.4R  fibre  oy  k  .viamm.a.l  exajiined  fresh  ix  serum,  kiohey 

MAGNIFIED,    THE    SURFACE    OF    THE    FIBRE    BEIX(i    .VCCURATELY    FOCUSSED. 
Tlie  nuclei  are  seen  on  the  flat  at  the  surface  of  the  fibre,  and  in  profile  towards  the  edge. 

Fl(!.  165.  -PORTIO.N  OF  A  MEDIUM-SfZKD  HUMAN  MUSCfTLAR  FIBRE,  SHOWING  THE 
l.S'THrOIEDI.\TE    LINE    (DoBIF.'s    I.fN'E)    :\IENTIONED    I\    THE    TEXT.       (SharpeV.  I 

wing   fuiisck-s  stained  by  the   iron-hieinatoxylin  method   (see  Appendix).     This 
ifiore  certain  than  that  of  Rollett  and  is  therefore  better  foi'  class  pui])oses. 


STHI.4TEI)    0>!    VOLUNTAKY    .\rUSC|,E. 

Voluntary  muscle  is  composed  of  long  cj'lindrieal  fibres,  measuring  on  an 
average  about  O'O-j  mm.  in  diameter  (./(jj  inch)  in  iiiamnfalian  muscles,  and 
often  having  a  length  of  aif  inch  or  more.  Eacli  fibre  has  an  extensible  .sheath, 
the  ni(rcoh')}nn(i,  which  enclcses  the  contractile  substance.  The  sarcolemma 
is  seldom  visible,  unless  the  contained  substance  becomes  broken  (fig.  163). 
A  •fibrillar  structure  has  been  described  in  the  sarcoletiuiia,  but  under 
ordinary  circumstances  it  looks  completely  homogeneous. 


STRIPED  MUSCLE  129 

The  contractile  substance  is  characterised  by  thu  alternate  dark  and 
light  stripes,  which  run  across  the  length  of  the  fibre;  hence  the  name 
cross-striated  or  striped  muscle.  On  focussing,  it  can  be  seen  that  the 
stripes  pass  through  the  whole  thickness  of  the  fibre ;  they  may  therefore  be 
looked  upon  as  representing  alternate  disks  of  dark  and  light  substance.  If 
the  fibre  be  very  carefully  focussed,  rows  of  apparent  granules  are  seen  lying 
in  or  at  the  boundaries  of  the  light  streaks,  and  very  fine  longitudinal  lines 
may,  with  a  good  microscope,  be  detected  uniting  the  apparent  granules. 
These  fine  lines,  with  their  enlargements,  the  granules,  are  more  con,spicuuus 
in  the  muscles  of  arthropods  (fig.  169).     They  indicate  the  divisions  between 
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F;g.   166.  Viu.  IBT.  Fkj.  168. 

Fio.   166.-— Smai.j,  pokwon  of  a  iiuarAN  muscui.ak  i-ibem  teased  i>t()  small 

LOiNciTUDiNAL  FKAGMKNTS.     (Sharpey.)     Magnified  about  SOO  diaineteie. 

tf ,  0,  Cy  larger  and  smaller  j^roups  of  fibrils  ;  d,  ultimate  fibrila. 

Xi'iG.   167. — Small  portion  of  a  muscle-fibre  of  crab  svlittini:  ui'  i;stu 
fibrils.     From  a  photograph.     Magnified  600  diameters. 

Fin.   168. — Section  of  a  muscular  fibre,  showinc;  areas  of  Cohnueim. 
Three  nuclei  are  seen  lying  close  to  the  saroolemma. 

the  longitudinal  elements  (fibrils  or  sarcostyles)  which  compose  the  fibre,  and 
in  preparations  treated  with  dilute  asid  the  lines  appear  to  form  part  of  a  fine 
network,  which  pervades  the  muscle  substance,  aqd  serves  to  unite  the 
granules  both  transversely  and  longitudinally  (fig.  170).  This  network,  which 
is  sometimes  very  distinct  in  preparations  of  muscle  treated  with  chloride  of 
gold,  is,  however,  a  network  in  appearance  only :  in  reality  it  is  the  optical 
expression  of  the  interstitial  substance  which  lies  between  the  fibrils.  This 
substance  is  termed  sarcoplasvt. 

On  examining  the  transverse  section  of  a  fibre  with  a  high  power,  it  is 
seen  to  be  subdivided  everywhere  into  small  angular  fields,  Cohnheim's  areas 
(fig.  168),  which  are  themselves  again  divided  up  into  minute  dot-like  areas. 
The  smallest  divisions  represent  sections  of  the  fibrils  of  which  the  fibres 
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are  composed,  and  into  which  they  may  be  split  after  death  (figs.  166,  167), 
especially  after  being  hardened  in  certain  reagents,  e.g.  chromic  acid  or 
osmic  acid.  The  larger  areas  represent  groups  of  fibrils.  These  areas  of 
Cohnheim  are  usually  polyhedral,  but  they  may  be  elongated,  and  disposed 
either  radially,  or  concentrically  with  the  circumference  of  the  section.  The 
interstitial  substance  or  sarcoplasm  lies  between  the  fibrils  and  can  be  made 
visible  by  treatment  with  dilute  acid  or  by  staining  .with  chloride  of  gold 
(figs.  170,  171,  172).  It  is  sometimes  in  relatively  large  amount,  but  in 
most  muscular  fibres  is  reduced  to  a  very  fine  interstitium. 

An  ill-defined  clear  line  is  sometimes  seen  running  transversely  across 
the  fibre  in  the  middle  of  each  dark  band.     This  is  termed. ^enseji's  line. 

If  instead  of  focussing  the  surface  of  the  fibre  it  be  observed  in  its  depth, 
an  appearance  different  from  that  shown  in  fig.  164  is  frequently  visible, 
namely,  a  fine  dotted  line  (Dobie's  line),  bisecting  each  clear  stripe  (fig.  165) ; 
this  appearance  is  often  considered  to  represent  a  membrane  {Krause's 
membrane),  which  subdivides  the  fibrils  at  regular  intervals  (see  p.  133). 
But  the  membranes  of  the  individual  fibrils  or  sarcostyles  are  rarely,  if  ever, 
visible  in  an  intact  mammalian  fibre,  and  it  is  certain  that  the  appearance 
of  such  a  line  in  the  middle  of  the  clear  stripe  of  an  intact  fibre  is  in  most 
cases  due  to  interference,  caused  by  the  light  being  transmitted  between 
disks  of  different  refrangibility. 

Haycraft  has  suggested  that  the  cross-striation  of  voluntary  muscle  is  due  tn 
lefractive  effects  produced  by  a  varicosity  of  the  component  fibrils,  basing  his  view 
upon  the  fact  that  in  impressions  of  the  fibres  made  on  soft  collodion  all  the  cross- 
striations  which  are  observed  in  the  fibre  itself  are  reproduced.  Theie  is  no  doubt 
that  a  well-marked  cross-striated  appeaiance  can  be  produced  in  homogeneous 
fibrils  by  regularly-occurring  varicosities,  and  soine  of  the  appearances  observed 
in  muscle  may,  as  Haycraft  contends,  be  referred  to  this  cause.  But  even  when 
a  fibre  or  fibril  is  stretched  so  that  it  exhibits  no  varicosities,  the  cross-striation s 
are  still  perfectly  distinct.  Moreover,  in  view  of  the  entirely  different  manner  in 
which  the  substance  of  the  dark  and  clear  stripes  behave  to  many  staining  I'eagents, 
and  especially  to  chloride  of  gold  when  applied  as  directed  in  g  7,  the  fact  being 
that  veiy  definite  structural  appearances  can  under  these  circumstances  be  made 
out,  the  homogeneity  of  the  muscle-fibril  cannot  be  admitted.  This  iufei-ence  is 
strongly  confirmed  by  the  microchemical  work  of  A.  B.  Macallum,  who  has  shown 
that  the  potassium  salts  of  the  wing  muscle-fibrils  are  accumulated  in  a  portion 
only  (the  sai'cous  elements)  of  the  fibril  (fig.  177). 

Nuclei. — Besides  tlje  sarcolemma  and  striated  substance,  a  muscular 
fibre  also  exhibits  a  number  of  oval  nuclei  which  have  the  usual  structure  of 
cell-nuclei :  their  chromatin  often  has  ^a  spiral  arrangement.  Sometimes 
there  is  a  little  granular  substance  (protoplasm)  at  each  pole  of  the  nucleus; 
each  nucleus  with  the  adjacent  protoplasm  has  then  been  spoken  of  as  a 
mtiscle-corpuscle.  But  the  protoplasm  which  is  adjacent  to  the  nuclei  is  in 
all  probability  continuous  with  the  sarcoplasm  between  the  fibrils ;  both 
being  the  remains  of  the  original  undifferentiated  protoplasm  of  the  cells 
from  which  the  muscular  fibres  are  developed.  In  the  mammalian  muscle 
the  nuclei  usually  lie  immediately  under  the  sarcolemma  (figs,  163,  164,  168), 
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ill  frog's  muscle  tlie\'  are  scattered  tluuugliout  tlie  tliickiicss  (if  the  fibre,  in 
the  leg-muscles  uf  insects  they  lie  in  the  miilille  of  the  fibre  (fig.  171).      Sume 
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Kic.    17-2. 


Vui.    171. — Ti;.\NsvEK.si':  sectio.v  of  i.m-.Mr.scLio  fiukk  uf  ,v\    inskit, 

ST.\INKI1    WITH     cm. II    CIII.IIKIllF. 
Tlie  sirr"pl[L-lii  is  livri-  .staiilud.   iiiiil  apjitar.^  in   till'  fonii  uf  a  lietWdlk.  in  llif  nnslni's  nl  n  hiih  lii 
lliL' sf(;tioti.sof  the  lilirils.     Ncitiix- the  mottled  apiieanuii-e  of  the  seelions  (itljie  sai-r.ist  \  les  ni 
liiirils,  hiflieatiiit,'  a  porous stTnctnre,  as  in  the  wint^^fihriis  (see  fi^'.  17.'i).    Tile  cenlial  inotopiasn 
(with  a  mieleus)  is  also  exiileiit.     (Krolii  a  iili<it(i;.riapti,) 

l''ic.    172.  — Lkc;-:mi'sci.I';  fimhk  uf  insect  tke.itku  with    iiii.ctk  acid,   siiuwim 

.V    tendencv    to    MKKAK    ACKUSS    INTU    IIISKS. 

The  sa]'eo]iiasiii  is  in  tlie  form  of  fine  lines.  Ttie  ordiiiaiA  ilarl<  striiies  of  tlie  lijn-,'  liiue  Hisappi'.uet 
in  the  aeid.  .4,  a  disk,  seen  part].\"  in  sei^tion  ami  exhiliitin^^"  t  lie  letieillai- ananL^enieni  of  Ihi 
SLii'<-0]i]asni  ;  B,  lon;,^itndina!  view  of  filire. 


animals,  e.g.  the  rabbit,  liave,  besides  muscles  of  the  ordinary  type  of  structure, 
which  in  this  animal  are  pale  in  colour,  others  of  a  deep  red  colour.  These 
red  musclef!   were  founil    by    Ilanvier  to  e.x:hiljit   certain   ditferences  Ixjth  in 
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S.E. 


structure  and  function.  One  difference"  of  structure  is  that  the  nuclei, 
which  are  numerous,  are  not,  as  in  the  ordinary  types  of  mammalian  fibre, 
confined  to  the  surface,  but  are  scattered  throughout  the  thickness  of  the 
fibre.  The  fibres  in  question  also  contain  more  sarcoplasm  than  the  ordinary 
fibres,  and  their  blood-vessels  have  a  peculiarity  of  structure  which  will  be 
afterwards  noticed.  It  has  further  been  shown  by  Grutzner  that  in  all 
mammals  amongst  the  ordinary  fibres  are  some  in  which  the  nuclei  are 
distributed  through  the  thickness  of  the  fibres :  this  is  the  case,  as  we 
have  seen,  with  all  the  muscular  fibres  of  the  frog.  In  muscles  which  are  in 
constant  activity,  such  as  the  diaphragm,  and  the  dorsal  fin-muscles  of 
Hippocampus,  the  protoplasm  (sarcoplasm)  of  the  fibre  is  present  in  relatively 

large  proportion;  this  is  also  the  case  with 
the  wing-muscles  of  insects  (see  below). 

The  transverse  section  of  a  muscle  shows 
the  fibres  to  be  nearly  cylindrical  in  figure. 
Bet\yeen  the  fibres  there  is  a  certain  amount 
of  areolar  tissue,  which  serves  to  support 
the  bloodvessels  and  also  unites  the  fibres 
into  fasciculi ;  the  fasciculi  are  again  united 
together  by  a  larger  amount  of  this  intra- 
muscular connective  tissue  (endomysium). 

Muscles  of  insects. — In  the  muscles  of 
insects  the  stripes  are  relatively  broad,  and 
their  structure  can  be  more  readily  seen 
than  in  mammals.  In  the  living  fibres 
from  the  muscles  which  move  the  legs,  the 
sarcoplasm  presents  a  striking  appearance 
of  fine  longitudinal  lines  traversing  the 
muscle,  and  enlarging  within  the  light 
stripes  into  rows  of  dots  (figs.  169,  173). 
This  is  still  better  seen  in  fibres  and  portions 
of  fibres  which  have  been  treated  with  dilute  acid  (figs.  170,  172).  In 
separated  disks,  produced  by  the  breaking  across  of  muscle-fibres,  the 
surfaces  of  the  disks  show  a  network  with  polyhedral  meshes  in  some 
insects  (fig.  172,  A),  one  formed  of  lines  radiating  from  the  centre  of  the 
fibre  in  others. 

The  muscular  fibres  of  the  wings  are  considerably  larger  than  those  of 
the  legs  and  contain  a  far  greater  amount  of  sarcoplasm,  in  which  the  fibrils 
are  embedded.  When  the  fibre  is  broken  up  the  fibrils  are  easily  isolated, 
even  in  the  fresh  tissue,  and  they  can  then  be  readily  studied.  It  can  be 
seen  even  in  the  fresh  fibril,  but  much  more  distinctly  after  staining,  that 
each  fibril — or  sarcostyle,  as  it  is  often  termed — is  composed  of  alternate  dark 
and  light  portions,  which  by  juxtaposition  in. adjacent  fibrils  produce  the 
cross-striated   appearance.     Further,  in   the   middle   of   each   of   the   clear 


¥ii:.  173. — Leg-muscle  were  ok 
iksect,  stained  with  gold 
uhloridebyRollett's  method. 

K,  line  formed  by  membranes  of 
Krause ;  S.E.,  dark  stripe  formed 
by  sarcous  elements.  The  sarcoplasm 
has  the  appearance  of  longitudinal 
lines. 
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strise  is  a  distinct  septum,  known  as  the  membrane  of  Krause,  and  the 
fibril  is  subdivided  at  regular  intervals  by  these  membranes  into  serial 
portions,  which  are  termed  sarcomeres.  Each  sarcomere  is  occupied  by  a 
portion  of  the  dark  stria  of  the  whole  fibre  {sarcous  element) :  the  sarcous 
element  is  really  double,  and  in  the  stretched  fibril  separates  into  two  at 
the  line  of  Hensen  (fig.  174,  B).  At  each  end  of  the  sarcous  element  is 
clear  substance  (probably  fluid  or  semi-fluid)  separating  it  from  the  membrane 
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yiff.  174. — Fibrils  of  the  wino-muscles  of  a  wasp,  prepared  by  Rollktt's 
METHOD.     Highly  magnified. 

A,  a  contracted  fibril.  B,  a  stretched  fibril,  with  its  sarcous  elements  separated  at  the  line  of 
Henson.  C,  an  uncontracted  fibril,  showing  the  porous  structure  of  the  sarcous  elements.  D, 
an  uncontracted  fibril,  magnified  2000  diameters. 

A,  B,  and  C  were  drawn  by  Mr  R.  Muir  from  the  preparation  ;  Z>  is  an  untouched  photograph. 


of  Krause :  this  clear  suTsstance  is  more  evident  the  more  the  fibril  is 
extended,  but  diminishes,  even  to  complete  disappearance,  in  the  retracted 
fibril  (fig.  174,  A).  The  cause  of  this  change  is  explained  when  we  study 
more  minutely  the  structure  of  the  sarcous  element.  For  we  find  that  each 
sarcous  element  is  pervaded  by  longitudinal  canals  or  pores,  which  are  open 
in  the  direction  of  Krause's  membranes,  but  closed  at  the  middle  of  the 
sarcous  element  (figs.  174,  C,  D;  175, 176).  In  the  contracted  muscle,  the  clear 
part  of  the  muscle-substance  has  nearly  disappeared,  but  the  sarcous  element 
is  swollen  and  the  sarcomere  is  thus  shortened  :  in  the  uncontracted  muscle, 
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on  the  other  hand,  the  clear  part  occupies  a  considerable  interval  between 
the  sarcous  element  and  the  membrane  of  Krause,  the  sarcomere  being 
lengthened  and  narrowed.  This  difference  is  well  seen  with  certain  methods 
of  staining  (fig.  174).  The  sarcous  element  does  not  lie  free  in  the  middle 
of  the  sarcomere,  but  is'  attached  at  either  end  to  Krause's  membrane  by 
very  fine  lines,  which  may  represent  fine  septa,  running  through  the  clear 
substance  (fig.  176) ;  on  the  other  hand,  Krause's  membrane  appears  to  be 
attached  laterally  to  a  fine  membrane  which  limits  the  fibril  externally. 

The  sarcous   elements  are  set  in  a  muscle-fibre  side  by  side  in   planes 
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Fi<i.   175. — Isolated  sakoot's 

EI.HMENTS  OF  A  WTN(  I  -MUSCLE, 
SHOWINd     THE    TUBUT/AR    OK 

roRcius  STRUCTi'RH.  Un- 
touched photograph.  Mag- 
nified 870  diameters. 

At  a  some  are  seen  in  profile ;  at  h 
on  the  flat.  The  two  circnlar 
bodies  are  fat-drops. 
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Fin.  176. — UlAfiKAM  OF  A  SARCOMERE  TX  A 
MllDERATELY  EXTENllEl)  CONDITION,  A, 
AND    IK    \    CONTRAOTr.D    CONDITION,    Fi. 

K,  K,  membranes  of  Krause  ;  //,  line  or  plane  of 
llensen  ;  S.l'l.,  porlfermis  sarcous  element. 
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Fig.    177. — Localisation    of 

I'OTASSIDM   in    SARCOFS    ELE- 
MENTS   OF    WINO-MUSCLE    OF 

BEETLE.     (A.  B.  Macallum.) 
u,  resting  ;  b,  contracted. 


forming  the  dark  stripes  (so-called  principal  disks)  of  the  muscle-substance 
of  ordinary  muscle-fibres.  In  the  wing-muscles  of  insects,  the  fibi-ils  being 
surrounded  by  a  considerable  amount  of  granular  sarcoplasm,  the  whole 
fibre  is  only  very  indistinctly  cross-striated,  although  each  individual  fibril 
is  markedly  so.  As  already  mentioned,  the  sarcous  elements  are  remarkable 
for  containing  a  large  proportion  of  potassium  salts  (fig.  177). 

Sometimes  in  the  ordinary  (leg)  muscles  of  arthropods  what  look  like  detached 
dot-like  portions  of  the  sarcous  element  are  seen  within  the  clear  stripes,  lying 
usually  near  Krause's  membrane.  -The  rows  of  such  dots  have  been  termed 
accessory  disks.  Most  muscles  show  no  accessory  disks,  but  the  .sarcopla.sra  enlarge- 
ments between  the  fibrils  (fie.  170,  D)  are  often  mistaken  for  them. 

Muscle  in  polarised  ligkt. — When  muscle-fibres  are  examined  with  polarised 
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liglit  between  ei'os.sed  iiiedls,  tlie  saiedUM  eleiiiellts  (wliicli  forui  tlie  dark  Mtvi|ie)  are 
seen  to  be  dcmlily  lefractiiig  (auisdtrcipous),  wlule  the  elear  Mulwtauee  (fonniiig  the 
light  stripe)  is  singly  lefracting  (isotropous).  In  c(iiitraeted  parts  i>f  the  nuisele 
the  (auisotri>|)ous)  sarcous  elements  are  seen  to  have  increased  in  bulk,  while  the 
isotropons  substance  of  the  cleai'  sti'ipe  has  correspondingly  diminished  (fig.  1  78,  B). 
Merkel  described  a  reversal  of  the  stripes  d\iring  contiaction,  i.e.  a  transference 
of  the  anisotropons  substance  of  the  dark  stripe  fioni  Hensen's  line  to  Krause's 
niendjrane,  the  place  of  the  dark  stri]3es  thus  becoming  occupied  bv  clear  njaterial, 
that  of  the  light  stripes  by  dark.  He  finther  descrilied  this  condition  as  being 
preceded  liy  an  intermediate  stage  in  which  the  tibril  shows  homogeneity  of 
sliading.      No  doubt  in  the  ordinary  muscle-fibres  of  arthnqiods,  when  we  nliserve 


A  b 

Vir..   17s.  — Leo->iitsot,e  fiiikk  or  Cin;vsoMF.LA  ((KKn.K.A  wrrii   (fixku)  rn\- 

TkAf'TTOX     W.WK     I' H(]Tl  lO  RA  CH  KD    rNOKK    Por.AKISINC     M  I(K(IS(  (iP  K.  ' 
A.  with  iincrussed  nir-ols  ;  B,  wifh  crossC'd  nli-r.ls. 


the  so-called  "fixed"  waves  of  contraction,  there  is  an  appaient  blurring  of  the 
cro.ss-striation  of  the  tilire  just  where  the  muscle  is  passing  from  extension  to 
contraction,  but  this  ap|)earance  is  explicable  by  the  >ine(|ual  pull  of  the  contiacted 
parts  of  the  fibrils  u]jon  those  which  are  not  yet  contracted.  The  contraction  in 
each  fibre  starts  from  the  nerve-ending,  which  is  at  fine  side  of  the  til.ire,  and 
spreads  first  across  the  fibre  and  then  tends  to  pass  as  a  wave  towards  eithei'  end. 
But  the  one  side  always  has  a  stait  in  the  [ji'ogress  of  this  waA-e,  and  the  fibi'ils 
niu.st  thus  receive  an  unequal  pull,  so  that  they  are  shifted  along  one  anothei-  and 
the  line  of  cross-stii])ing  is  broken  up.  That  no  transference  of  anisotropo\is 
substance  really  occui-s  is  at  once  clear  from  the  appearance  of  the  contracting 
fibre  under  polarised  light  (fig.  17H,  B),  a]ul  the  .study  of  the  isolated  fibrils  of 
wing-nni.scle  gives  no  support  to  the  theory  of  reversal,  although  it  is  widely  held 
by  (ierman  authors.  That  the  a]jparent  ie\'eisal  is  not  real  is  also  illustrated  by 
fig.  179,  which  represents  a  leg-muscle  fibre  of  an   insect  in  |jrocess  of  contraction. 

'   I  am  indebted  to  the  late  Professor  Engebiiaiin  for  these  two  photographs. 
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The  dai'k  bands  of  the  con  traction- wave  are  seen  to  be  really  due  to  the  accumu- 
lations of  sai'coplasm.  Owing  to  its  having  a  higher  index  of  refraction  the 
accumulations  appear  as  dark  lines  which  obscure  the  continuity  of  the  fibrils,  and 
by  contrast  cause  the  whole  of  the  sarcomeres  between  them  to  appear  light. 

Mechanism  of  contraction. — Comparing  the  structure  of  the  sarcomere  with 
certain  kinds  of  protoplasm  we  find  both  differ- 
entiated to  form  a  framework  (spongioplasm,  sub- 
stance of  sarcous  element)  which  encloses  in  its 
meshes  or  pores  a  clear,  probably  fluid  substance 
(hyaloplasm,  clear  substance  of  sarcomere).  In 
both  also  the  clear  substance  or  hyaloplasm,  when 
the  tissue  is  subjected  to  stimulation,  passes  into 
the  pores  of  the  porous  substance  or  spongioplasm 
(contraction),  whilst  in  the  absence  of  such  stimu- 
lation it  tends  to  pass  out  from  the  spongioplasm 
(formation  of  pseudopodia,  resting  condition  of 
muscle).  The  effect  of  stimulation  appears  in  both 
structures  to  be  the  production  of  a  change  in 
surface  tension  (perhaps  between  the  hyaloplasm 
and  spongioplasm)  ;  this  change  being  demon- 
strably accompanied  in  muscle  by  a  difference  in 
electric  potential :  possibly  such  an  electric  change 
occurs  in  all  protoplasm.  Thus  both  the  move- 
ments of  cell-protoplasm  and  those  of  muscle  are 
in  all  probability  brought  about  by  like  means, 
although  at  first  sight  the  structure  of  muscle  is 
very  dissimilar  from  that  of  protoplasm.  We  have 
already  noticed  that  the  movements  of  cilia  are 
also  capable  of  being  explained  by  assuming 
rhythmic  variations  of  surface  tension  in  the  pro- 
toplasm of  the  cells  to  which  they  are  attached. 

Macdonald  has  suggested  that  the  movement 
of  fluid  from  one  part  of  the  sarcomere  to  the 
other  is  a  result  of  osmosis,  caused  by  the  sudden 
setting  free  of  electrolytes  (potassium  salts)  in 
the  substance  of  the  sarcous  element  just  previous  to:  the  actual  contraction. 
MacDougall  had  previously  opined  that  such  osmosis  might  occur  between  the 
interior  of  the  fibril  and  the  sarcoplasm  outside,  and  Meigs,  who  holds  a  similar 
vie\y,  considers  that  the  diffusion  of  fluid  is  facilitated  by  a  jjrior  development  of 
lactic  acid  in  the  saroOus  elenieiits  as  a  result  of  stimulation.  Many  reasons  may 
be  urged  against  this  idea  ;  some  of  them  are  set  forth  in  a  paper  in  the  Qiiart. 
Journ.  Exper.  Physiol,  vol.  iii.,  ]910,  p.  63  :  but  the  discussion  of  the  matter  here 
would  occupy  too  mvich  space. 


179. — Wavk  of  contkac- 
tion  passing  over  a  leg- 
muscle  fibre  of  dytisods. 
Highly  magnified. 


LESSON   XV. 
STRUCTURE    OF    MUSCLE    {oontinned). 

1.  To  study  the  connexion  of  muscle  .with  tendon,  a  fi'og  is  killed  by  destruction 
of  the  brain  and  spinal  coi'd,  and  placed  in  about  a  litre  of  water  raised  to  a 
temperature  of  .'')5°  C.  It  is  left  in  this  for  l!S  minutes,  the  water  gradually  cooling. 
It  is  then  easy  to  dissociate  the  museidar  flbres  in  large  numbers.  To  obserxe 
their  attachment  to  the  tendon-bundles  a  fine  longitudinal  shred  must  be  snipped 
off  with  scissors  at  the  tendinous  attachment,  and  dissociated  \ipon  a  .slide  in  a 
drop  of  Ringer.  It  will  usually  be  found  that  the  muscular  substance  is  retracted 
from  the  end  of  the  sarcolemma  tube,  which  is  firmly  cemented  to  the  tendon- 
bundle.  The  structure  may  be  brought  more  distinctly  into  view  by  adding  to 
the  dissociated  fibres  a  drop  of  a  weak  solution  of  iodine  in  salt  solution  or  in 
serum  (iodised  serum).' 

2.  The  blood-vessels  of  muscle.  These  are  studied  in  longitudinal  and  trans- 
verse sections  or  in  flattened-out  pieces  of  injected  muscle.  It  will  be  noticed  that 
the  capillaries  are  very  numerous,  and  form  a  network  with  oblong  meshes.  In 
the  red  muscles  of  the  rabbit,  small  dilatations  are  seen  on  the  transverse  cords 
of  the  network. 

3.  The  muscular  tissue  of  the  heart  is  studied  in  sections  of  that  organ  (see 
Lesson  XXVII.)  and  also  in  teased  preparations.  To  prepare  the  lattei',  place  a 
small  piece  of  heart-muscle  in  33  per  cent,  alcohol  for  a  few  days  ;  stain  in  picro- 
carmine  solution  for  some  days  ;  tease  in  dilute  glycerine. 

4.  Tear  oflf  a  small  shred  of  the  circular  muscular  coat  of  a  piece  of  dog's  or 
cat's  intestine  which  has  been  for  48  hours  or  more  in  J  per  cent,  bichioniate  of 
potassium  solution  or  in  33  per  cent,  alcohol.  Hold  the  shred  with  forceps  in  a  drop 
of  water  on  the  .slide  and  fray  it  out  with  a  needle.  In  this  process  many  cells 
will  be  set  free  and  can  be  found  with  a  low  power.  The  preparation  may  then 
be  covered  and  examined  with  a  high  power.  Sketch  one  of  the  cells.  Then 
allow  a  small  drop  of  very  dilute  hasmatoxylin  solution  to  diffuse  under  the  cover- 
glass  ;  to  be  followed  by  a  small  drop  of  dilute  glycerine.  Sketch  a  cell  after 
staining.  Measure  two  or  three  cells  and  their  nuclei.  Sections  of  involuntaiy 
muscle  will  be  seen  and  studied  along  with  the  viscera  which  possess  muscular  coats. 


CONNEXION   WITH   TENDON :    BLOOD-VESSELS  :   DEVELOPMENT   OF 
STRIPED    MUSCLE. 

Ending  of  muscle  in  tendon. — A  small  tendon-bundle  passes  to  eacli 
muscular  fibre  and  becomes  firmly  united  with  the  sarcolemma  whicli 
extends  over  the  end  of  the  fibre  (fig.  180).  Besides  this  attachment,  a 
further  connexion  is  established  by  the  fact  that  the  areolar  tissue  between 
the  tendon-bundles  is  continuous  with  that  which  lies  between  the  muscle- 
fibres.  There  is  no  actual  continuity  between  contractile  substance  and 
tendon  (Boeke). 

^  This  method  is  the  one  given  by  Ranvier  (TraM  Teehnicjne,  p.  395).  The  muscle- 
endings  may  also  sometimes  be  well  seen  at  the  extremities  of  the  tendons  whicli  are 
removed  from  the  mouse's  tail  in  the  manner  described  in  Lesson  X. 
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Blood-vessels  of  muscle. —The  capillaries  of  muscular  tissue  are  very 
numerous.  They  run,  for  the  most  part,  longitudinally,  with  transverse 
branches,  so  as  to  form  long  oblong  me.shes  (fig.  181).  No  blood-vessels  ever 
penetrate  the  sarcolemma.  Tn  the  red  muscles  of  the  rabbit,  the  transverse 
capillaries  have  small  dilatations  upon  them  (fig.  182).  Associated  with 
this  and  other  peculiarities  of  structure  (see  p.  131),  it  is  found  that  the  red 
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Frc.  18(1.  'rKKMINATIDX  OF  A  Ml'S- 
I   ll.AR  Fir.KK    ISTKMION.     (Kail\iel'.  ) 

III.  sarcoleiiiiiia  ;  .v,  tlu-  siiiiie  iiu'inliranc 
passing'  ii\r.i-  thf  likI  of  the  lilife;  7', 
extremity  nt  imisenlar  stib-stanre,  (-', 
retracted  hinii  the  lowci'  end  ot  tlie 
sai-eolemiiia-tul)e :  /,  a  tetnlnii-lnnHlle 
li.assiiiu-  tfi  \\i-  fixed  tn  tlie  sa)To]eiiinia. 
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muscles  have  a  much  slower  rate  of  contraction,  and  a  much  longer  period 
of  latency  than  the  ordinary  muscles. 

Lymph-vessels,  although  present  in  the  connective-tissue  sheath  (peri- 
iiiysiuni)  of  a  iiiiisclc,  do  not  penetrate  between  the  component  fibres. 

The  motor  nerves  of  voluntaiy  muscles  pierce  the  sarcolemma  and 
terminate  in  ramified  expansions  known  as  end-'phitex  or  mofur  end-organ-i  ; 
the  AP/iisiiry  ni'rrf-.i  end  in  groups  of  .specially  modified  muscle-fibres  known 
as  iiiusr/i'-sjii)id/es  (see  Lesson  XIX.), 

Development.  —  Voluntary  muscular  fibres  are  developed  from  embryonic 
cells  of  the  mesoderm  (muscle-plate),  wliich  become  elongated,  and  the  nuclei 
of  which   become  multiplied,  so  as  to  produce  long  slender,  multi-nucleated 
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fusiform  or  cylindrical  embryonic  fibres.  It  is  not  quite  certain  whether,  as 
has  usually  been  supposed,  the  whole  fibre  is  thus  formed  of  a  single  enlarged 
cell,  or  whether  it  may  be  produced  by  the  joining  together,  end  to  end,  of  a 
number  of  cells  of  the  muscle-plate  (or  even  of  more  than  one  muscle-plate), 
so  as  to  produce  a  syncytium,  within  which  the  striated  fibrils  make  their 
appearance.  These  appear  at  first  along  one  side  of  the  embryonic  fibre,  the 
change  gradually  extending  around  the  circumference  and  also  penetrating 
towards  the  centre ;  but  the  protoplasm  both  at  the  middle  of  the  fibre,  to 
which  the  nuclei  are  at  first  confined,  and  at  the  side  opposite  to  that  at 
which  the  differentiation  began,  remains  for  some  time  unaltered  in  character 


Ft(i.     1.S2.  — VASO0LATI    NTITWOTtK    OF    A    RRO    MTTSCLR    (SEMI-TKNniNOSUS)    (IF    TVIK 

RAHBiT.     (Ranvier.) 
a,  arteriole  ;  f,  u,  venules ;  n,  <lilatation  on  transverse  hrancli  of  capillaries. 

(fig.  183).  Eventually  the  change  in  structure  extends  to  these  parts  also, 
and  the  nuclei  pass  gradually  to  occupy  their  ordinary  position  under  the 
sarcolemma,  which  has  by  this  time  become  formed.  The  sarcolemma  is 
believed  to.be  produced,  not  by  the  muscle-fibre  itself,  but  by  the  mesen- 
chyme or  connective- tissue  cells  between  the  fibres,  since  it  is  directly 
continuous  with  the  connective-tissue  bundles  of  the  tendon  and  of  the 
interstitial  tissue. 

CARDIAC   MUSCLE. 

The  muscular  substance  of  the  heart  is  composed  of  transversely  striated 
muscular  fibres,  which  difi'er  from  those  of  voluntary  muscle  in  the  following 
particulars,  viz.  : — their  striations  are  less  distinct ;  they  have  no  sarcolemma, 
although  there  is  a  thin  superficial  layer  of  non-fibrillated  substance ;  they 
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branch  and  unite  by  their  branches  and  also  at  the  side  with  neighbouring 
fibres,  and  their  nuclei  lie  in  the  substance  and  often  near  the  centre  of  the 
fibres.  In  man  and  many  mammals  the  fibres  are  marked  off  into  a  series 
of  short  cylindrical  cells  (figs.  184,  185)  joined  together  end  to  end  and 
side  to  side,  each  corresponding  to  one  of  the  nuclei.     The  junctions   of 


Fib.  18.S. — Developing  musct'lau  riBRES. 

j4.  elongated  cell  with  two  nuclei.    A  striation  is  beginning:  in  the  protoplasm  along  one  side  of 

the  cell ;  from  foetal  sheep.    (Wilson  Fox.) 
/J,  from  human  fretus  of  two  months.    (Ranvier.)    p,  central  protoplasm  with  several  nuclei, _n, 

scattered  in  it ;  s,  commencing  sarcolemma,   with  striated  muscular  substance  developing 

immediately  beneath  it. 
C,  from  human  foetus  of  three  months.    (Ranvier.)    The  contractile  substance,  s,  /,  now  almost 

encloses  the  unaltered  protoplasm,  g ;  only  one  nucleus,  n,  is  represented. 


these  cells  may  be  seen  in  longitudinal  sections  of  appropriately  stained  fixed 
tissue ;  they  also  come  distinctly  into  view  in  sections  of  fresh  tissue  stained 
with  nitrate  of  silver.  They  appear  to  be  bridged  across  by  fine  fibrils,  con- 
tinued into  the  cells  ^bove  and  below  the  lines  of  junction  (figs.  186,  187). 
These  lines  have  usually  been  regarded  as  intercellular  spaces  separating 
the  constituent  cells  of  the  tissue  from  one  another  (Schweigger-Seidel). 
Some   authorities,    however,  are  inclined   to   regard  the   cardiac  muscular 
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Kk;.  184. — Muscular  fibbhs  from 
the  heart,  magnified,  showing! 
their  cross-stki.e,  divisions,  and 
JUNCTIONS.     (Schweigger-Seidel. ) 

The  mielui  and  crosy-lines  are  only  repre- 
sented on  the  ri^ht-hand  side  of  the  figure. 


■«I 


\ 


Fia.  185. — Six  muscul.ir fibre-cells 
FRo.^i  THE  HEART.  Magnified  425 
diameters. 

«,  Ime  of  junction  butwcen  twiD  cells ;  fc,  c, 
branching,  of  cells.  (From  a  drawinff  1»\ 
i.  E.  Neafe.) 


,Fii;.  186. — Cardi-ac  muscle-fibres,  showing  their  branching  and 
JUNCTIONS.     (Przewosky.) 

The  cross-lines  (junctions)  are  very  well  marked.    In  some  of  the  fibres,  as  at  a,  two  junctional 
lines  are  close  together  with  a  non-nucleated  portion,  d,  between  them  ;  h,  fibrils  passing  across 
^junction  ;  c,  a  nucleus. 
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tissue  as  furming  a  syncytiuiii,  the  cells  being  all  continuous  both  laterally  and 
longitudinally,  and  the  apparent  intercellular  lines  being  special  differentia- 
tions. H.  E.  Jordan  and  other  authorities  regard  these  lines  as  due  to  fixed 
localised  contractions  ;  Martin  Heidenhain  considers  that  they  represent 
portions  of  the  fibres  at  which  growth  in  length  occurs  (analogous  to  the 
suture-lines  between  the  fiat  bones  of  the  ci-aniinn).  As  against  these  views  of 
the  structure  of  the  heart-muscle,  and  in  favour  of  that  of  Hchweigger-Seidel, 
must  be  set  the  silver-staining  r)f  the  supposed  cell-junctions,  aild  the 
fact  that  it  is  easily  possible  in  some  animals  to  separate  the  fibres 
after     maceration     into     short     uninucleated    fragments     (as    in    fig.     \>ih). 


Fid.  1S7. — PciKTloN  OK  C.VniUAC  ."UUSCI.K 
KMin'.niN(!  CONTINUITY  OK  rii;Kii..s 
\(  KCISS        .n  NCTIIINAI.      LINE.         (PlZC- 

\\orsky.}     Highly  magnitied. 


V\i..     ISS. — tSUCTION     FKdM     IIEAKT    (11 
FIVK     MONTirs'      EMIlRVll  :       m;M.\N. 


(G.  Mann.) 


Schweigger-.Seidel's  view  has  been  recently  upheld  bv  the  observations  of  \ . 
Palc/,ewska  and  Werner  (working  with  Ziiumermann),  who  have  studied  the 
subject  in  the  heart  of  man  and  of  various  mammals.  The.se  ob.servers 
point  out,  as  had  been  previously  done  in  this  work,  that  the  short  non- 
nucleated  lengths  of  fibres  (fig.  li'-G),  which  Heidenhain  regards  as  fatal  to 
the  cell-theory  of  cardiac  muscle,  may  be  parts  of  cells  lying  in  other  planes 
of  the  myocardium,  which  are  inserted  between  those  belonging  t<i  the 
plane  included  in  the  longitudinal  .section.  On  the  other  hand,  the 
continuity  of  the  muscular  fibrils  within  the  masses  of  Purkinje's  fibres 
under  the  endocardium  in  the  sheep,  the  fibrils  belonging  to  one  cell  being 
free!)'  continued  into  those  of  the  neighbouring  cells  (.see  fig.  -'iyO,  p.  288), 
is    in    fa\our    of     the    syncytial    theory.       Further,    in     many    vertebrates, 
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including   some    mammals,    no    cell  -  territories   can    be   made   out   in    the 
myocardium. 

The  explanation  of  these  differences  appears  to  lie  iu  the  fact  that  in  all 
animals   the   heart-muscle   at   a   certain   period   of   development  (fig.    \>i^) 


Fr;.  189. 


Fig.   190. 


Fig.  191. 


Fiii 


189. — MUSUULAK  FIBKK-CKLL   FROM    TilK  HH'tjrUl.AK  C'lUT 

01-  THK  SMALL  INTESTINE.     Highly  magnilied'. 

A  uomplete  cell,  8howin{j  the  nucleus  with  intranuclear  iietwork,  and 

the  longitudinal  fibrillation  of  the  cell-aubstance. 

Flli.     190.^PORTION    OP     A    PLAIN     MUSCLE  -  CELL,    SHOWLXC 

I'lBRiLS  WITHIN  ITS  CYTOPLASM.     Photograph.     Magnified 
450  diameters. 

Fk;.    191. — Plain   muscle-fibre,   showing    ^.'uclecs,   ck.n- 

TRIOLE,    AND   CYTOPLASM    WITH   FIBRILS.       (LeilhoSSek.) 


forms  a  syncytium  of  coalesced  cells  within  which  the  contractile  fibre.s  arc 
developed,  and  only  in  mammals  is  a  differentiation  of  the  syncytium  into 
cells  produced  later;  even  here  the  lines  of  junction  are  bridged  across  by 
the  muscle-fibrils. 

*It  is  usually  stated  that  tliei'e  is  no  saroolemuia  in  cardiac  uuisule-fibres,  but 
V.  Palczewska  and  Werner  describe  and  figure  a  membrane  coveiing  the  cardiac 
cells  -which  they  regard  as  equivalent  to  the  sarcolemma  of  voluntary  muscle. 
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NON-STRIPED,   SMOOTH,   OK   PLAIN   MUSCLE. 

Involuntary  or  plain  muscular  tissue  is  composed  of  long,  somewhat 
flattened,  fusiform  cells  (figs.  189,  190),  which  varj  much  in  length.  In 
cross  section  they  are  usually  angular,  an  appearance  due  to  mutual  com- 
pression (fig.  192).  Each  cell  has  an  oval  or  rod-shaped  nucleus,  which 
shows  the  usual  intranuclear  network  and  commonly  one  or  two  nucleoli. 
There  is  a  centriole — sometimes  double — close  to  the  nucleus  (fig.  191). 
The  cell-substance  is  finely  fibrillated,  but  does  not  exhibit  cross-striae  like 


Fig.  192. — Tkansversh  sectiuh  oi'  tlain 
MUSCLK  -  FIBKES  OF  iNTESTiMi.  Photo- 
graph.    Magnified  400  diameters. 


Flli.  193. — MusCLJi-CELLS  OF  INTES- 
TINE. (Szymonowicz. )  Magni- 
fied 530  diameters. 

The  fibres  are  represented  in  lon^tudinal 
section  ;  and  interstices  between  them 
are  seen  to  be  bridged  across  b.v  fine 
fibrils,    i,  interstice ;  tj,  nucleus. 


voluntary  muscle.  There  appears,  as  in  cardiac  muscle,  to  be  a  delicate 
external  layer,  probably  a  stratum  of  undifferentiated  protoplasm,  not  a 
true  sarcolemma.  Next  to  this,  in  some  smooth  muscle,  is  a  layer  containing 
coarser  fibrils  (boundary  fibrils  of  M.  Heidenhain)  (fig.  190).  Frequently 
there  are  seen  on  involuntary  fibres  a  series  of  somewhat  irregularly  placed 
transverse  markings  which  appear  as  knot-like  condensations  of  the  cell- 
substance  (fig.  190)  staining  somewhat  differently  from  the  rest  of  the  cell. 
The  nature  of  these  is  not  well  understood,  but  they  are  perhaps  fixed 
contraction  waves  (C.  M 'Gill)  3  the  fibrils  are  enlarged  as  they  run  through 
the  knots.  The  intercellular  substance  is  bridged  across  by  filaments  passing 
from  cell  to   cell  (fig.-  193).      Some   authorities,    however,    deny   that   the 
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involuntary  cells  are  thus  connected,  and  hold  that  the  appearance  of 
bridging  fibres  is  due  to  connective-tissue  fibres  between  the  cells.  It  is, 
however,  difficult  to  understand  how  the  contractions  are  propagated  from 
cell  to  cell  if  there  is  no  continuity  between  the  cells. 

Plain  muscular  tissue  is  found  chiefly  in  the  walls  of  hollow  vi.scera  ;  thus  it 
forms  the  muscular  coat  of  the  stomach  and  intestines,  and  occurs  abundantly  in 
the  muscular  coat  of  the  gullet,  although  it  is  here  intermixed  with  cross-striated 
muscle  ;  it  is  found  also  in  the  mucous  membrane  of  the  whole  alimentary  canal 
from  the  oesophagus  downwards  ;  in  the  trachea  and  its  ramifications  ;  in  the 
urinary  bladder  and  ureters  ;  in  the  uterus  and  Fallopian  tubes  ;  in  the  prostate  ; 
the  sple..'n  and  lymphatic  glands  ;  the  muscle  of  Miiller  in  the  orbit,  and  in  the 
ciliaiT  muscle  and  iris.  The  walls  of  gland-ducts  also  contain  it ;  and  the  middle 
coat  of  the  arteries,  veins,  and  lymphatics  is  largely  composed  of  this  tissue.  It 
occurs  in  the  skin,  both  in  the  secreting  parts  of  the  sweat  glands,  and  in  small 
bundles  attached  to  the  hair-follicles  ;  in  the  scrotum  it  is  found  abundantly  in 
the  subcutaneous  tissue  (dartos),  and  it  also  occurs  "in  the  areola  of  the  nipple. 

Development. — According  to  the  observations  of  0.  M'Gill,  the  smooth  muscle 
of  the  alimentary  canal  (pig)  is  developed  from  a  syncytium  of  mesenchyme  cells 
which  surrounds  the  entoderm.  Some  of  these  cells  become  elongated  and  spindle- 
shaped  while  retaining  their  inter-connexion.  Myofibrils  are  developed  in  their 
protoplasm.  These  are  not  confined  to  the  limits  of  a  single  cell,  but  extend  over 
two  or  even  a  large  number  of  cells.  The  myofibrils  are  of  two  kinds,  coarse  and 
fine,  varying  in  relative  number  in  different  parts.  As  stated  above,  an  inter- 
connexion of  the  cells  probably  obtains  even  in  the  fully  formed  muscle,  which 
thus  retains  something  of  its  syncytial  character. 

In  certain  situations  smooth  muscle  is  formed  from  epithelium  ;  this  is  the  case 
with  the  musculai'  tissue  of  the  sweat  glands  (Ranvier)  and  that  of  the  iris 
(Nussbaum,  Szili). 
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LESSON   XV  I. 
THE  TISSUES  OF  THE   NERVOUS  SYSTEM. 

1.  Tease  a  piece  of  fi'esh  nerve  (vagus  by  preference)  rapidly  in  Ringer  ;  or  by 
the  method  of  semidesicoation,  keeping  the  preparation  moist  by  the  breath,  after- 
wards mounting  in  Ringer.  Touch  the  fibres  as  little  and  obtain  them  a.s  long 
and  straight  as  possible.  Study  the  medullated  fibres,  carefully  noticing  all  the 
structures  that  are  visible— A-iz.,  nodes  of  Ranvier,  nuclei  of  neurolemma,  double 


Fro.     194. — White   or  medullated 

NERVE-FIBRES,  SUO\VIN(;  A    StKUOUS 
OUTLINE     AND     DOUllLE     CdN'TOURS. 

(.Sharpey. ) 


Fi(!.  195.— "Fine  meduixaied  nerve- 

FIBRES,  parts  OF  WIttCH  HAVE 
ACQUIRED  A  VARICOSE  APPEARANCE 
—PROBABLY  THE  RESULT  OF  MANIP- 
ULATION. 


contour  of  medullary  sheath,  medullary  segments,  etc.  Besides  the  ordinaiv  fibres, 
very  fine  medullated  fibres,  and  also  non-ineduUated,  will  be  seen  in  this  prepara- 
tion. Measure  the  diameter  of  four  fibres.  Draw  a  short  length  of  one  or  more 
fibres  very  exactly.  The  pi'eparation  may  then  be  stained  by  dilute  magenta  and 
gentian  violet  solution  and  preserved  with  dilute  glycerine. 

±  Separate  (in  dilute  glycerine  coloured  by  magenta  and  gentian  violet)  into  its 
fibres  a  small  piece  of  nerve  (or  of  a  nerve-root :  this  is  much  more  easy  to  separate 
into  its  fibi'es)  that  has  been  twenty-four  hours  in  1  per  cent,  osmic  acid.  The 
nerve  should  have  been  moderately  stretched  on  a  piece  of  cork  by  means  of  glass 
pins  before  being  placed  in  osmie  acid.  Keep  the  fibres  as  straight  as  possible 
and  only  touch  them  near  their  ends  with  the  needles.  Sketch  two  portions  of 
a  medullated  fibre  under  a  high  power,  one  showing  a  node  of  Ranvier  and  the 
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othei'  a  nucleus  of  the  neui'olenima.  Look 
for  pale  fibres.  Measure  the  length  of  a 
nerve  segment  between  two  nodes  of  Eanviei'. 

3.  Mount  in  dammar  sections  of  a  nerve 
which  has  been  fixed  with  picric  acid 
followed  by  alcohol,  oi'  with  osmio  acid 
followed  by  alcohol.  The  sections  from 
pieiic  may  be  stained  with  picro-carmine 
or  hEematoxylin.  The  nerve  should  be 
pinned  out  straight  upon  a  cork  with  glass 
pins  before  being  placed  in  the  fixing 
solution.  Examine  the  sections  first  with  a 
low  and  afterwards  with  a  high  power. 
Notice  the  lamellar  structure  of  the  peri- 
neurium, -the  varying  size  of  the  nei've- 
fibres,  the  axis-cylinder  in  the  centre  of 
each  fibre,  etc.  Measure  the  diameter  of 
four  fibres.  Sketch  a  small  portion  of  the 
section. 

4.  Teased  prejjarations  and  longitudinal 
sections  from  the  peripheral  portions  of 
nerves  cut  a  few  days  before  death.  The 
nerves  may  be  prepared  with  osmic  acid 
as  in  §  2.  Notice  the  breaking  up  of  the 
myelin  of  the  medullary  sheath,  varying  in 
degree  according  to  the  length  of  time  the 
lesion  was  made  previous  to  death.  In 
longitudinal  sections  of  the  central  cut  end 
of  the  nerve,  prepared  by  Cajal's  reduced 
silver  method,'  new  fibres  may  be  seen 
Ijudding  from  the  extremities  of  the  fibies 
of  the  stump. 


STRUCTUllE   OF   NERVE-FIBJIKS. 

Nerve-fibres  are  of  two  kinds,  medul- 
lated  and  non-meduUatedj.  The  cerebro- 
spinal nerves  and  the  white  matter  of 
the  nerve-centres  are  composed  of  medul- 
lated  fibres  ;  the  sympathetic  nerves  near 
their  peripheral  distribution  are  largely 
made  up  of  non-medullated  fibres.  The 
latter  are  also  found  in  considerable 
numbers  in  the  vagus. 

The  meduUated  or  white  fibres  are 
characterised,  as  their  name  implies,  by 
the  presence  of  the  so-called  medullary 
nheath  or  white  substance.  This  is  a 
layer  of  soft  substance,  of  a  fatty  or 
rather  lipoid  nature,  which  encircles  the 

'  See  Append] 


Fie.  196. — Portions  of  two  nkrvh- 

FIBRES  STAINED  WITH  OSMIC  ACIT), 
FEOM  A  YOUNG  ANTMAL.  Diagram- 
matic. (Drawn  by  J.  E.  Neale. ) 
R,  R,  constrictions  of  Ranvier,  with  axis- 
cylinder  passing  through,  a,  neurolemma 
of  the  nerve  ;  c,  opposite  the  middle  of  the 
segment,  indicates  the  nucleus  and  proto- 
plasm lying  between  the  neurolemma  and 
the  medullary  sheath.  In  A  the  nodes  are 
wider,  and  the  intersegmental  substance 
more  apparent  than  in  B. 
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essential  part  of  a  neive-fibre,  viz.,  the  aAs-cylinder.  Outsi(.le  the 
medullary  sheath  is  a  delicate  but  tough  homogeneous  membrane,  the 
prhnitAvr.  sheatli  or   iiwleated  sheatJi  af  Sclni-ann,  but  this  is  not  present  in 


Fli:.  197.— A  SMAT.i,  r.VKT  OK  A  MEI>rLljATED  FTBRK.      Photograph.      Magnified 

600  diameters. 
Tlie  filtre  looks  in  optiual  section  like  a  tube — lience  the  term  tubular  formerly  applied  to  tlie^e 
fibres.  Three  partial  breaches  ot  continuitv  (medullary  clefts)  are  seen  in  the  inerlullary 
sheath,  which  at  these  places  exhibits  a  tendency  to  split  into  laminae.  Elsewhere  the 
medullary  sheath  shows  coa{;rulation-appearances.  At  n  is  a  nucleus  belongint^  to  the  neuio- 
lemma,  emliedded  in  protoplasm  ;  the  outline  of  the  nucleus  itself  is  not  focussed. 


l''ii;.   19S. — Meiitllated  >;ekve-eibee,   ekesii,  showino  a   notie  of  Ranvter. 

Photograph.     Magiiilied  600  diameters. 

'I'lie  f-nayulatic^n  r.f  the  substance  of  the  medullary  sheath  is  ad\'anced,  and  the  axis-cylinder  i-^ 

sbijbtly  shrunken  away  froui  it,  and  is  thus  i-endered  distinctly  \isible. 


"t^t^'i 


Fl('.     UHl. —  OSMII'    NER\  E-ETllKF.S    FROM    SC'IATIi'    XERVE    INt'ElIllIXc ;    A    NoN -_AI  Kl  il' IJATEli 

FIBRE   .\Nr>    A    \  KRY   FINE   MEorr.LATEi)    FIBRE.     Photograph.      Maguitieil    300 
diameters. 

all    iiiedullatefl   filjres,    being   absent  in  tlpjse   which   are    within  the   nerve- 
centres.     The  primitive  sheath  is  also  known  as  the  neuriilemma} 


'  Often  erroiieotrsly  termed   "  neuiileiimia,'  a  name  formerly  applied  to  the  sheath 
Lif  Heule  (see  p.  lo.*)), 
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The  medullary  nheath  is  composed  of  a  highly  refracting  lipoid  material 
(myelin),  which  gives  a  characteristic  double  contour  and  tubular  appearance 
to  the  nerve-fibre  (fig.  194).  It  affords  a  continuous  investment  to  the 
axis-cylinder,  except  that,  as  was  shown  by  Eanvier,  in  the  peripheral  nerve 
fibres  it  is  interrupted  at  regular  intervals.  At  these  places  the  neurolemma 
appears  to  produce  a  constriction  in  the  nerve-flbre  (figs.  196,  198,  199,  200, 


Flu.  2U0. — Nekve-fibkh  pkkfabkd  with,  osmic  acid.     Photograph. 

Magnified  about  500  diameters. 

A  constriction  of  Ranvier  is  seen.    The  intervals  between  the  medullary  sejfnients 

appear  as  clear  oblique  lines. 

'20'2),  and  the  interruptions  of  the  medullary  sheath  are  accordingly  known  as 
the  constrictions  (Ranvier)  or  nodes,  the  latter  term  being  applied  from  the 
resemblance  which  they  bear  to  the  nodes  of  a  bamboo.  It  is,  however, 
uncertain  whether  the  constriction  is  entirely  occupied  by  neui'olemma  or 
partly  by  a  special  band  (coiistricling  band  of  Ranvier) ;  if  the  latter,  it  i.s 
composed  of  a  material  which  resembles  intercellular  substance  in  its  reaction 


Viu. 


201. — Reticulum  of  neueokeratin  ix  medullary  sheath  of  xervk-fiure. 
Photograph,    Magnified  600  dianleters. 


to  nitrate  of  silver  (fig.  210).  The  length  of  nerve  between  two  successive 
nodes  is  termed  an  internode ;  in  the  middle  of  each  internode  is  one  of  the 
nuclei  of  the  neurolemma.  Besides  these  interruptions  of  Ranvier  the  medullary 
sheath  shows  a  variable  number  of  oblique  clefts  (figs.  197,  200,  202), 
subdividing  it  into  irregular  portions,  which  have  been  termed  medullary 
Segments ;  there  is  some  reason  to  believe  that  the  clefts  are  artificially  produced. 
At  the  clefts  there  is  an  appearance  of  spiral  fibres  in  the  medullary  sheath, 
especially  after  treatment  of  the  nerve  with  certain  reagents ;  it  is,  howi^ver, . 
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probable  that  this  appearance  also  does  not  represent  a  pre-existing  structure. 
A  reticular  appearance  has  been  noticed  in  the  medullary  sheath  {neurokeratin 
network  of  Kuhne,  fig.  201),  and  can  be  readily  seen  in  nerve-fibres  fixed  in 
alcohol  and  treated  with  ether,  but  it  varies  greatly  in  aspect,  and  is  perhaps 
produced  by  the  action  of  the  reagents  employed  to  show  it.  By  other 
modes  of  fixation  {e.g.,  picric  acid)  the  medullary  sheath  seems  to  have  a 


Fid.   2I>2.— L0K(iITUDTN.\L   AND    TRANSVERSE    SKCTION    OF    51EDULLATED    NE]iVE- 

riERE  OF  FROG  {OSJIIC  ACTD  AND  ACID  fcchsin).     ( After  Biedeimanii. ) 

The  longitudinal  section  shows  one  node  of  Ranviei-  and  two  medulla^'  cleft-^.     The  fibrillar 

structure  of  the  axis-cylinder  is  shown  in  both  longitudinal  and  transverse  section. 


rod-like  structure  (fig.  203) ;  this  again  may  be  due  to  the  manner  in  which 
certain  of  its  constituents  are  coagulated  by  the  reagent.  Osniic  acid  stains 
the  medullary  sheath  black  (figs.  199,  200,  202,  204). 

The  axis-cylinder,  which  runs  along  the  middle  of  the  nerve-fibre,  is  a 

soft  transparent  thread  which  is  con- 
tinuous from  end  to  end  of  the  fibre. 
On  account  of  the  peculiar  refractive 
nature  of  the  medullary  sheath  it  is 
difficult  to  see  the  axis-cylinder  in  the 
fresh  nerve  except  at  the  nodes,  where 
it  may  be  observed  stretching  across  the 
interruptions  in  the  medullar^'  sheath : 
it  may  also  sometimes  be  seen  projecting 
from  a  broken  end  of  a  nerve-fibre.  It 
is  longitudinally  striated,  being  made 
up  of  extremely  fine  fibrils  {neuro-fibrih, 
fig.  202).  They  are  seen  isolated  at 
the  terminations  of  nerves  as  in  the 
cornea  and  are  also  visible  in  the  section 
of  a  nerve-fibre  as  fine  dots  (fig.  202), 
which  sometimes  appear  to  have  g,  clear 
centre  (fig.  203),  as  if  the  fibrils  were 
tubular.  Staining  with  nitrate  of  silver  produces  a  curious  transversely 
striated  appearance  in  the  axis-cylinder  (Frommann)  (fig.  210,  C);  this 
is  due  to  successive  precipitations  of  chlorides,  and  does  not  indicate  a 
pre-existing  structure  (A.  B.  Macallum). 

Medullated  nerve-fibres  vary  greatly  in  size  (fig.  204),  but  may  be 
classified  as  large,  intermi'diate,  and  very  small.  The  largest  are  those  which 
are  passing  to  the  skin  and  to  the  voluntary  muscles ;  the  smallest  are  those 
which   are   distributed    to   the   viscera  and    blood-vessels   by   way   of    the 


FiiJ.  203. — Section  across  five 
NKKVE  -  fibres.  Magnified  1000 
diameters. 

T^e  nerve  was  hardened  in  picric  acid  and 
stained  with  picro-carmine.  The  radial 
striation  of  the  medullary  sheath  is  very 
apparent.  In  one  iibre  the  rays  are  broken 
by  shrinkage  of  the  axis-cylinder.  The 
fibrils  of  the  axis-cylinder  appear  tubular. 
(From  a  photograph.) 
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Fic.  204. — Section  of  the  sjciatic  nekve  01'  a  cat,  siiowinc  the  variations 
IN  SIZE  OF  ITS  constituent  FIBRES.  Photograph.  Magiiitied  3UU  diameter.s. 
The  nerve  was  fixed  with  osiiiic  acid. 


FlO.     20.5. NoN-MEDrLEATEI>     I'lHRES    ^EO.^^     A     TEASEIl     rREl'ARATION     OF 

VAors  OK  CAT  FIXED  WITH  osjivc  AiTD.      Pliotogra|jh.      Magnified 
300  diameters. 

AViout  a  dozen  tion-medufiated  fibres  are  incflided  in  tin;  |i!ifptn^najili.     llesiiles  rlie^LDiip 
ordinary  inerlnllaterl  fil"»re  and  three  ^'ery  fiiu-.  nieflullntt.i!  litres  arr  seen. 
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autonomic  nerves.'  As  shown  l)y  Gaskell,  the  anterior  roots  of  the  last  one 
or  two  cervical  nerves,  of  all  the  tlioracio,  of  the  first  and  second  lumbar, 
and  of  the  second  and  third  sacral  nerves  contain,  besides  the  ordinary  large 
medullated  fibres,  a  bundle  of  very  small  medul- 
lated  fibres,  which  are  destined  for  the  viscera  and 
blood-vessels,  and  which  pass  to  them  by  way  of 
the  sympathetic  system.  The  roots  of  some  of 
the  cranial  nerves  (the  spinal  accessor}^  vagus, 
glosso-pharyngeal,  and  facial)  contain  similar  fine 
medullated  fibres,  which  pass  amongst  the  larger 
fibres  to  their  distribution  at  the  periphery. 

Non  medullated     fibres. — Intermingled     with 
the  medullated  fibres  there  may  always,  even  in 
the    cerebro-spinal    nerves,    be    found    a    certain 
number    of    pale   fibres    devoid    of    the    distinct 
double    contour    which    is    characteristic    of   the   presence    of    a    medullary 


Fi(i.  206. — Section  across 

NON-MEHULLATED  FIBRES 
(FROM  THE  SPLENIC  NER-^'K 
OF  THE  OX.)      (Tuckett. ) 


Fic:.  '21 17.  — Section  uf  part  of  siiATit:  nerve  of  man.     Photographed  from  a 
pr-eparation  hy  H.  Pringle.     Magnified  60  diameters. 

a  dnztn  or  more  tuiiiuuli  of  \arifms  ^izes  are  iiielufleil  in  the  photoijraph.     The  fat-cells  m  the 
epineurmiii  a^ipear  .is  clear  spaces. 

sheath  (see  fig.  205).  These  are  the  cjren  or  non-mednllated  fibres,  also 
called,  after  their  discoverer,  fibres  of  Remak.  They  frequently  branch, 
which   the  medullated   fibres   rarely   do  except  near  their  termination,  and 

1  This  term  lia.s  been  introduced  l>y  Langley  to  include  both  the  nerves  of  the 
sympatlietic  system  and  the  analogous  nerves  which  proceed  from  the  cranial  and  sacral 
regions  for  tiie  innervation  of  certain  involuntary  muscles  and  secreting  glands. 
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they  are  beset  with  numerous  nuclei  wliich  have  usually  been  I'egarded 
as  belonging  to  a  delicate  sheath,  althougli,  as  a  matter  of  fact,  both 
in  longitudinal  view  and  in  cross  section  the  nuclei  appear  to  lie  in  the 
substance  of  the  fibres  rather  than  at  their  surface.  The  sympathetic 
nerves,  as  they  approach  their  peripheral  distribution,  are  largely  made 
up  of  tibres  of  this  nature,  but  the  preganglionic  fibres,  both  of  sympathetic 
and  of  other  autonomic  nerves,  always  possess  a  thin  medullary  sheath, 
and  have  the  usual  structure  of  medullated  fibres. 


Fiii.  208. — Section  or  the  cervical  sympathetic  or  the  cat.    Photographed  from 
an   osmic  preparation   made   by   R.    Tsukaguohi.    ,  Magnified   200  iliameterrf. 
On  the  left  a  small  portion  of  the  vagus  is  seen. 
The  vagus  and  sympathetic  in  tJie  neclt  of  the  cat  run  in  separate  perineural  sheaths,  but  are  united 
by  epineuriuni.    Tlie  va^s  has  both  moderately  large  and  fine  medullated  fibres  and  also  a 
considerable  number  of  non-medullated  fibres.    The  sympathetic  nerve  is  mainly  composed  of 
nhe  medullated  fibres  derived  from  the  thoracic  anterior  roots.     In  this  case  the  sympatlietic 
includes  a  bundle  of  large  medullated  fibres  derived  from  the  vagus  higher  up. 


Structure  of  the  nerve-trunks. — In  their  course  through  the  body  the 
nerve-fibres  are  gathered  up  into  bundles  or  funiculi,  and  the  funiculi  are  again 
united  together  to  form  the  nerves  which  we  meet  with  in  dissection  (fig.  207). 
The  connective  tissue  which  unites  the  funiculi  and  invests  the  whole  nerve, 
uniting  it  to  neighbouring  parts  and  conveying  to  it  blood-vessels, 
lym|ihatics,  and  even  nerve-fibres  destined  for  its  coats,  is  termed  the 
epineuriuni ;  it  frequently  contains  fat-cells.  That  which  en.sheathes  the 
funiculi  is  known  as  the  /jerineurium.  It  has  a  distinctly  lamellar  structure, 
the  lamelliv"  being  composed  of  connective  tissue  covered  by  Hattened 
epithelioid  cells  (fig  210,  A).  Between  the  lamelhe  are  clefts  for  the  con- 
veyance of  lymph  from  the   interior   of  the  funiculus   to   the  lymphatics 


154  'J^HE  ESSENTIALS   OF  HISTOLOGY 


Vof/ita. 


Sy^npathelic. 


Flu.    209. — SeCTIOU    of    VAGO-SYMPATUETIC  nerve   of   dog    including    a    POKTION    01' 

EACH  KERVJS.      Photographed  from  an   osmio    stained  preparation   made  by 
R.  Tsukaguchi.     Magnified  200  diameters. 

In  the  dog  the  vagus  and  sympathetic  in  the  neck  are  included  in  one  perineural  sheath  :  their  fibres 
are  only  separated  by  a  septum  of  endoneurium. 

of  the  epineuiium.     The  delicate  connective  tissue  which  lies  between  the 
neive-fibres  of  the  funiculus  is  the  endoneurium.     It  assists  in  supporting 


200 

1 


Fill.  210. — Nerves  stained  with  sflver  nitrate.     (Ranvicr.) 

In  A,  the  epithelial-like  layer  of  flattened  cells  belonging  to  the  sheath  of  Ilenle  is  stained.  In  A 
and  B,  the  oroes-like  markings  at  the  nodes  are  exhibited.  In  C,  a  single  fibre  is  shown  more 
highly  magnified,  with  Frommann's  transverse  markings  of  the  axis  cylinder,  o,  constricting, 
band  ;  m,  medullary  sheath  ;  cy,  axis-cylinder. 


NER  VE-FIBRES  i  S  5 

the  longitudinally  arranged  nieshwork  of  blood-capillaries,  and  its  interstices 
communicate  with  the  lymph-clefts  of  the  perineurium. 

All  the  branches  of  a  nerve,  and  even  single  nerve-fibres  which  are 
passing  to  their  distribution,  are  invested  with  a  prolongation  of  the 
perineural  sheath,  which  is  then  known  as  the  sheath  of  Henle. 

The  nerve  trunks  themselves  receive  sensory  nerve-fibres  (jiervi  nervunuu) 
which  ramify  chiefly  in  the  epineurium  and  terminate  within  tliis  in  end- 
bulbs  (Horsley). 

The  degenerative  processes  which  occur  in  cut  nerve-fibres  as  well  as 
the  subsequent  reparative  processes  are  dependent  on  the  nerve  cells  from 
which  the  fibres  take  origin  and  will  be  dealt  with  after  the  structure  of 
nerve-cells  has  been  studied  (see  p.  174). 
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LESSONS  XVII.  AND   XVIII. 

THE  TISSUES  OF   THE  NERVOUS  SYSTEM  {<;onthnw.,1). 

1.  Put  a  small  fragment  of  spinal  ganglion  of  frog  oi'  mammal  into  1  pei'  i-ent. 
osniic  acid  for  a  few  hours.  Place  in  water  containing  a  fragment  of  thymol  for 
two  clays  oi-  more.  Tease  in  dilute  glycerine.  Notice  the  spheioidal  ganglion- 
cells  ;  their  large  nuclei  and  distinct  nucleoli.  Many  of  the  cells  may  still  be  seen 
within  theii'  nucleated  membranous  sheath.  Look  for  cells  which  still  retain  the 
axis-cylinder  process  and  for  T-shaped  junctions  of  nerve-fibres  with  this.  Fat- 
cells  may  be  present  in  the  periganglionic  connective  tissue.  These  will  appear 
intensely  black  in  osmic  preparations. 

i.  Prepare  in  the  same  way  a  spinal  ganglion  or  the  Gassei'ian  ganglion  of  the 
skate  01-  cod.     Notice  the  bipolar  character  of  most  of  the  cells. 

3.  Prepare  a  piece  of  sympathetic  ganglion  as  in  §§  1  and  2.  If  from  the 
labbit  observe  that  many  of  the  cells  are  bi-nucleated. 

Measuie  two  or  three  cells  in  each  of  the  above  preparations. 

4.  Mount  stained  sections  of  ganglia,  both  spinal  and  sympathetic.  These  will 
Kei'\  e  to  show  the  arrangement  of  the  cells  and  fibres  in  the  ganglion  and  the 
nucleated  sheaths  ai'ound  the  nei've-cells. 

The  ganglia  may  be  fixed  and  hai'dened  in  saturated  solution  of  corrosive 
sublimate  or  of  picric  acid  or  in  10  per  cent,  formol.  They  may  either  be  stained 
in  bulk  or  sections  cut  from  paraffin  and  stained  on  the  slide. 

5.  Ehrlich's  methylene-blue  method,  Golgi's  silver  chromate  method,  or  Cajal's 
silver  reduction  method,  especially  the  last  named,  are  all  useful  for  showing  the 
connexions  of  ganglion-cells  with  nerve-fibres.  These  methods  are  described  in 
the  Appendix. 

6.  Place  a  portion  of  the  grey  mattei'  from  a  piece  of  spinal  cord  of  ox,  or  calf, 
oi'  man,  in  33  per  cent,  alcohol,  or  J  per  cent,  bichromate  of  potassium.  After  k 
few  days  a  little  of  the  tissue  may  be  shaken  up  in  a  test-tube  with  water  so  as  to 
break  it  up  into  fine  fragments.  Allow  these  to  subside,  decant  off  the  water  and 
substitute  a  dilute  solution  (1  to  500)  of  methylene  blue  or  a  solution  of  picro- 
carmine.  When  it  appears  sufficiently  stained,  some  of  the  debris  is  pipetted  off  and 
examined  under  a  low  power  of  the  microscope  ;  at  first  without  a  cover-glass  so 
that  the  cells  may,  if  necessary,  be  sepaiated  with  needles  from  the  I'est  of  the  tissue. 
Mount  in  water  with  a  short  piece  of  hair  under  the  cover-glass.  Notice  the  large 
blanching  cells,  some  with  a  mass  of  pigment  near  the  nucleus.  Observe  the 
fibrillation  of  the  cell -processes.  Many  axis-cylinders  will  be  seen  in  this  prepara- 
tion deprived  wholly  oi'  partially  of  their  medullary  sheath,  and  their  fibrillar 
stiucture  can  then  also  be  well  seen.  Carefully  sketch  these  appearances.  To 
keep  the  methylene-blue  preparation  the  stain  must  be  fixed  with  picrate  of 
ammonia,  after  which  a  mixture  of  glycerine  and  picrate  of  ammonia  may  be  used 
•for  mounting.  If  picro-carmine  is  used  the  specimen  is  simply  preserved  in  dilute 
glycerine.  Similar  preparations  may  be  made  fi'om  the  grey  matter  of  the  cerebral 
cortex  and  cerebellar  cortex. 

7.  Examine  sections  of  si^inal  cord,  medulla  oblongata,  and  brain  stained  by 
methylene  blue  by  Nissl's  method  (see  Appendix),  to  exhibit  the  angular  particles 
within  the  nerve-cells. 
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8.  Examine  sectioiiM  of  parts  of  brain,  spinal  cord,  and  ganglia  piepai-cd  liy 
Cajal's  method,  to  exhibit  the  neuro-fibrils  in  the  cells  and  cell-processes. 

9.  Examine  the  nerve-cells  and  neuroglia-cells  in  sections  fi'om  the  spinal  cord, 
cerebrum,  or  cerebellum  of  a  small  animal,  e.g.  young  rat  or  kitten,  prepared  by 
Golgi's  method.  The  sections  must  be  mounted  in  thick  xylol  balsam  or  damniai', 
without  covering,  and  dried  i-apidly  on  a  warm  plate. 

10.  Examine  sections  of  spinal  cord  (lumbar  enlargement)  and  corresponding 
spinal  ganglia  from  an  animal  in  which  the  sciatic  neive  was  cut  about  three 
weeks  before  it  was  killed.  The  sections  are  to  be  stained  by  Nissl's  method. 
Most  of  the  anterior  horn  nerve-cells  anil  of  the  ganglion-cells  on  the  side  of  the 
lesion  will  exhibit  chromatolysis  (breaking  down  of  the  Nissl  granules)  which 
is  characteristic  of  cells  the  axons  of  which  have  been  severed.  The  altered  cells 
may  be  compared  with  the  normal  cells  on  the  intact  side. 

7,  8,  9,  and  10  may  be  deferred  until  the  central  nervous  system  is  studied. 


STRUCTURE   OF   NERVE- CELLS. 


Nerve-cells  or  neurocytes  are  met  with  in  the  grey  matter  of  the 
nerve-centres,  and  in  little  groups  on  the  course  of  certain  of  the  peripheral 
nerves ;  these  groups  often  causing  nodular  enlargements  of  the  nerves, 
which  are  known  as  ganglia.  The  most  conspicuous  ganglia  are  those 
which  are  found  upon  the  posterior  roots  of  the  spinal  •  nerves,  upon  the 
roots  of  some  of  the  cranial  nerves,  and  upon  the  trunk  and  principal 
branches  of  the  sympathetic.  Minute  ganglia  are  also  found  very  numerously 
in  connexion  with  the  nerves  which  are  supplied  to  glands  and  involuntary 
muscular  tissue,  as  in  the  salivary  glands,  heart,  alimentary  canal,  bladder, 
uterus,  etc. 

Nerve-cells  vary  much  in  size  and  shape ;  many  are  large,  some  being 
among  the  largest  cells  met  with  in  the  body,  but  others  are  quite  small. 
The  nell-hody  or  ey!on  (Sanger  Brown)  is  usually  erroneously  termed  the 
nerve-cell ;  it  is  the  part  of  the  cell  containing  the  nucleus.  The  latter  is 
large  and  usuallj'  spherical  and  contains  a  verj'  distinct  nucleolus. ,  All  nerve- 
cells  possess  at  least  one  process,  the  nerve-fibre  process,  axon,  or  neuron, 
which  becomes  either  a  non-medullated  nerve-fibre  or  the  axis-cylinder  of  a 
medullated  fibre.  If  other  processes  are  present  they  are  always  branched 
almost  from  their  commencement  at  the  cell-body,  and  they  are  therefore 
termed  the  dendrites  or  dendrons.  The  cytoplasm  is  fibrillated,  the 
fibrils  passing  into  all  the  processes ;  they  are  known  as  neuro-fibrils,  and 
are  believed  to  be  the  actual  conductors  of  nerve-impulses.  We  have 
already  noted  their  existence  in  the  axis-cylinder  of  the  nerve-fibre  (p.  150). 
Nerve-cells  contain  numerous  mitochondria,  which  can  be  shown  by 
inli'a  vitam  stains  (Cowdry).  The  cytoplasm  also  contains  peculiar  angular 
masses  [Nissl  granules)  staining  deeply  with  basic  dyes  such  as  methylene 
blue,  but  the  size,  number,  and  arrangement  of  these  granules  in  different 
cells  vary  greatly  (fig.  211).  The  Nissl  granules  also  vary  in  number  and 
size  with  the  physiological  condition  of  the  cell ;   thus  it  is   found  that 
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Y\'..  21 1.  — Mi'T/rii^ni,AT:  AN'H  nNTi-'< ii..\K  TYi'F.m  (iF  N Ku vE-cKr,! ,.     (Cajal.) 

A,  Im-s^ii  i)\raiiii(lal  fell  nf  r-erehral  r(ivti-\,  liiinian.  Nissl  metlirxl.  a,  axon  ;  h,  cUuii  ;  c,  apifal 
lU-nilri.ii  ;  d  is].lact'(l  iK'twrcn  I  \vn  ..f  thcljasal  ileiii  Irons  and  iminls  to  Ihn-  lindens  nt  a  iit'iu-dLilia 
..■(.■II  wliii'Ii  iRa.].pli.-.l  l.o  MuM'_\|nn. 

/;.  liiiiiiilar  i-cll  fn.ni  sijinal  .u:in--liMM  nf  lal.l.it..  Nis^l  method,  o,  axi.n  ;  /',  rircntnuiirlear  zone, 
|ionf  in  Ljiannles  ;  (T,  fa|isnle  ;  r/,  iitl  work  within  mifleus  ;  ^,  tnideohi--. 
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Fri;.  'IVl.    -Two  miitih;  xioitvE-i'Ki.r,';  Fuim  the  dik;. 

a,  nonii.'U  ;  /»,  rtt'l  it  ,1  jtcriml  of  jiriilnii'/t'd  ;^ci  i\  i(  \.     ( i'hnloLrrajiheil  hTnii  iirc}tnrnl  itnis  li\ 

(I.  Jliinn.) 

ner\"e  cells   which   have,  been  fatii^iicil   hy  pvoloiincfl  iicti\'itv   (lii;'.    'l\i),  and 
also    those    the    axis-cvlindei-    process    of     which     has    heen    cut    (Hl;'.     lM'!), 


Frc;.  ^13. — CiiFioMAT(j].vsTs  or  two  nkii\  e-(  elt.s  of  sitnai,  ihkd  ok  itAr.iaT, 

PBODrCED    l;V    KRVERANCK    OF    MOTOR    .\KU\I:    Ifl     IIV\S    l'l;E\'lolSLV.        (C'ajul.  ) 

In  A,  tlie  ohroniatolywis  is  catliff  Ic^-^  a(l\;iin'e{l  fhrui  In  /.',  In  holli  the  iMU-lnis  Is  (lls]it:iPC'<l  lij  tlir 
)Jori|.lhery.  a,  axnn  ;  b,  r,  (■iiC(iiinil."lvsc(l  ci'll.siil.sluncr,  A  i;nriipli-r.-<l  i-nn'lllluii  of  i^lunnui- 
tolysis  is  sfii;ii  in  (iy,  'il-j,  b. 
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show  the  Ninsl  gi'aiiule.s  becimniig  disintegrated  ;  they  may  even  disappear 
for  a  time  from  tlie  cell.  A  similar  result  is  found  to  oceur  after  the  action 
of  poisons  which  especially  affect  the  nervous  system.  The  Nissl  granules  of 
the  nerve-cell  appear  to  consist  chemically  mainly  of  nucleoprotein.  They 
contain  oi'ganically  combined  iron  (Macallum).  Many  nerve-cells  have  a 
clump  of  pigment-granules  (fig,  "J14),  containing  lecithin,  at  one  side  of  the 
nucleus.  This  is  especially  marked  in  certain  localities  (locus  coeruleus,  locus 
niger),  and  is  more  frequent  in  man  than  in  the  lower  animals.  The  pigment 
tends  to  increase  in  amount  as  age  advances.     As  already  stated,  the  cy  ton  or 


c{ 


•1\\.-    .\     NEP.VI'.-I  Kl.l,    KKOM    THE    III'M  \X    SI'INAI,    CoKIl,        (From   PlfniUlt, 

Boniii,  and  Maillavd,) 
a,  a\oii  ;  rf.  (leiultons  ;        iHir-lt;ii^  with  nucleolus;  p^  tii;.Miiciif-^i\iiiiilos, 


body  of  e\ery  nerve-cell  is  traversed  by  fine  tibi-ils  (neurii-Jihriln)  continuous 
witli  those  ill  the  axis-cylinder  of  the  issuing  nerve-fibre  process  and  with  similar 
fibrils  in  the  dendritic  proce.sses.  They  were  noticed  by  Max  Sehultze  in 
vertebrates  and  were  later  described  by  Apathy  in  certain  annelids.  They 
can  be  seen  without  ditticulty  in  all  nerve-cells  (fig.  215)  by  the  employ- 
ment of  certain  special  methods  of  staining.  The  neuro  fibrils  are  said  to 
pre.sent  variations  in  thickness  according  to  the  condition  of  activity  of  the 
cell  at  the  time  of  death. 

Most,  if  not  all,  nerve-cells  show  a  delicate  xnperjicial  reticnlnm  (fig. 
21 G),  described  by  Golgi,  which,  according  to  J,  Turner,  is  an  investment 
dcri\ed    from    neiii-oglia  cells.     Oolgi    has    also    described   another    network 
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of  fibrils  with  somewhat  larger  meshes  (dwp  reticulum  of  Qolgi)  (fig.  217)  in 
the  deeper  parts  of  the  cell.  The  meaning  of  this  network  is  not  known. 
Although  most  distinct  in  nerve-cells  it  is  not  confined  ^to  them,  a  similar 
network  having  been  noticed  in  a  variety  of  epithelial  and  other  cells. 

Entirely  distinct  from  the  nerve-fibrils  is  a  system  of  fine  canaliculi, 
which  has  been  described  by  E.  Holmgren,  permeating  the  cytoplasm  of  the 


Fig.  215. — Nebve-cells  of  kitten  (krum  the  anterior  corpora 

quadrigemina)  showing  neurq-fibrils.     (Cajal. ) 

rt,  axon  :  h,  c,  fj,  various  parts  of  the  intraeellnlar  plexus  of  fibrils. 


cell-body  in  some  nerve-cells  for  the  purpose  of  subserving  its  nutrition  by 
conveying  plasma  into  its  substance  (fig.  218).  These  channels  are  believed 
by  Holmgren  to  be  quite  distinct  from  the  deep  reticulum  of  Golgi.  He 
describes  them  as  occupied  by  branching  processes  of  neuroglia-cells 
(trophospongium).  In  the  very  large  nerve-cells  from  which  the  nerves  to 
the  electric  organs  of  Malapterurus  arise,  even  blood-vessels  penetrate  into 
the  cytoplasm. 
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Processes  of  nerve-cells. — As  already  intimated,  tlie  processes  ai-e  of  two 
kinds.  The  fli-st  is  that  known  as  the  ajis-ci/llnder  process  (Deiters)  or 
nerre-filire  proresa,  so  called  becau.se   in  niedullated  nerve-fibres   it  becomes 


Pii;.   210. — Sri'K.Rh'Ti  lAr.  xktwokk  or  (Jur.ci  surriifniuno  two  celt.s  fkum 

THK    CEKKr.KAl,    COKTEX    OF    TIIK    CAT:     Kr-TRLTCu'S    MUTIInll.        (Cajal.) 

A.  V.u-^e  fdl  ;   /.'.  small  .■■■U.     (i,  n.  f"liN  in  Ihi'  network  :  />,  a  riii|J--likc  c-i.ii.lens.itioii  of  tlie 
iii'tw'orii  at  till'  ]ioli,'s  rif  tlii'  lavui-v  cell  ;  f,  s]iiiionw  iiicijfriioiis  triiiii  tlir  siiitaci-. 


Fli;.  217.  — NUKVK-CELJ.  FItO-M  SPINAL 
1 1  A  N  1 :  1. 1  o  ,N  ,  S  IK  1  W  I  K  I ;  N  F  T  W  ( 1  R  l< 
.VROrNJI    'I'lIK    M'l'I.KI'S.        (tloloj.) 


:^-^""^*^^- 


fn^;' 


*  ,* 


''Ml&jl' 


Kii:.   '21S. — TitiiviiosroNOirji   withtx 
A   i;aN(Ii.iiin-(  E|,|,.      (K.  Hnlmgvcn.) 


the  axis  c3'linder  (lig.  219,  rt,  li)  ;  in  non-meduUated  fibres,  it  becomes  the 
nerve-fibre  itself.  It  is  usuall\'  known  as  the  axon  or  iieiiraxan,  although 
tlie  term  iii'ii'mn  '  better  expresses  the  fact  tliat  it  is  the  nerve-fibre. 

No  fully  developed  nerve-cell   is  without  this  pi'ocess.     The  place  where 

'   From  tlie  greek  \\-or(l  I'ffi/joi/,  a  iieiA-e. 


NERVE-CELLS 


163 


i^ 


\ 


\ 


it  arises  from  the  body  of  the  neive-cell  {cone  of  origin)  is  marked  off  from 
the  rest  of  the  cell-substance  by  absence  of  Nissl 
granules  (see  lig.  211).  _The  other  processes  of 
the  nerve-cell  are  those  which  were  termed  by 
Deiters  the  protoplasmic  processes;  they  are  now 
usually  termed  the  dendritic  processes,  dendrons, 
or  dendrites,  and  are  generally  multiple,  whereas 
the  axon  is  generally  single.  The  dendrons  are 
characterised  by  the  fact  that  as  soon  as  they 
leave  the  cell  they  begin  to  ramify  like  the  roots 
of  a  tree,  whereas  the  axis-cylinder  process  does 
not  branch  until  near  its  termination,  with  the 
exception  of  a  few  fine  lateral  oiFshoots  {col- 
laterals), which  are  sometimes  given  off  in  its 
course.  Dendrons  may  be  altogether  absent ; 
the  cell  is  then  adendritic.  Some  nerve-cells 
have  only  one  process  {unipolar  cells),  but  most 
have  two  or  more  {bipolar,  multipolar).  The 
dendrons  contain  Nissl  granules,  but  the  axons 
never. 

The  shape  of  the  cell-body  depends  largely  on 
the  number  of  processes  and  the  manner  in  which 
they  come  off.  If  there  is  but  one  chief  process 
the  cell  (cell-body)  is  generally  nearly  spherical. 
This  is  the  case  with  most  of  the  cells  of  the 
spinal  ganglia  (fig.  211,  B) ;  in  these  the  single 
process,  after  a  short  course,  divides  into  two 
fibres,  which  pass  the  one  centrally  the  other 
peripherally  (fig.  230).  When  there  are  two 
main  processes  from  a  nerve-cell  they  often  go 
off  in  opposite  directions  from  the  cell,  which  is 
thus  rendered  somewhat  spindle-shaped  (fig.  220), 
but  occasionally  they  emerge  at  the  same  part. 
When  there  are  three  or  more  processes,  the  cell 
becomes  irregularly  angular,  as  in  the  motor-cells 
of  the  spinal  cord  and  the  pyramidal  cells  of  the 
cerebral  cortex  (fig.  211,  A ;  fig.  214). 

In  some  cases  where  there  appear  to  be  two 
fibres  connected  with  a  cell,  one  of  them  is 
derived  from  another  nerve-cell  elsewhere,  and  is 
passing  to  end  in  a  ramification  which  envelopes 
the  cell-body.  In  certain  situations  the  rami- 
fication is  coarse  and  forms  a  calyx-like  invest- 
ment to  the  cell-body  (fig.  221);  in  other  places  the  pericellular  fibrils  are 


I 
III 

Fll!.  219.— AxiS-OYJJNDKlll 
PROCKSa  OF  A  NERVE- 
C'Er.L     FKOM     THE     SPIN.^L 

CORD.     (M.  Schultze.) 

X  X ,  portion  of  the  eell-body, 
out  of  which  the  fibrils  of 
the  axis  -  cylinder  process,  a, 
are  seen  to  emerge.  At  a', 
this  process  acquires  a 
medullar.y  sheath.  Highly 
magnified. 
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very  fine  and  form  a  fine  arborisation  ovei-  the  cell-body.  Where  the  fibrils 
come  in  contact  with  the  surface  of  the  cell  they  may  end  in  small  button- 
like enlargements  or  varicosities  (fig.  222). 


Fii      iJiJ    -Iwii    iiKiiM    (   wiiioNcurs  (}]    FT^FT       (Hfilniiireii. ) 

hi  ,'1,  llir  iiu-diillai\-  slio.ath  slops  short  of  tlie  cell-liOfh-  ;  In  A',  it  is  oontiiined  as 
,T  tliin  la\  HV  over  tlie  .•i-ll-lioilv. 


Fii:.  ilA.      rt',i;irt:i,i,ri, At;  KNUTNiis  or  NKRVt;-rTiit;Ks  in  tite  central 
.\c(ii'S'i'i('  NUCLEI'S,     {('ajal.) 

In  a,  h,  and  c,  tlic  oell-iifidii's  aronnd  wliii-li  the  enii^  of  the  tilires  foim  synapses  are  ijidieated:  in  (',  f, 

and/  tltey  .are  oniitteif. 

Tn  preparations  made  by  Golgi's  chrfimate  of  silver  method  the  nerve- 
cells  and  theii'  processes  are  coloured  black  b_y  a  deposit  of  induced  .silver,  so 
that  the  processes  can  be  traced  for  a  considerable  distance  from  the  body 
of  the  cell,  in  fact  in  many  instances  as  far  as  their  remotest  ramifications. 
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It  has  been  found  by  the  employment  of  this  method  that  the  axis-cylinder 
process  is  not  always  an  unbranched  process,  as  was  formerly  supposed,  but 
that  it  usually,  if  not  invariably,  gives  off  fine  lateral  branches  {collaterals), 
which  themselves  tend  to  ramify  in  the  adjacent  nerve-substance  (fig.  223,  c). 
And  although  the  main  part  of  the  axon  process  usually  passes  on  and 
becomes  the  axis-cylinder  of  a  long  medullated  nerve-fibre  (long-axoned  cell, 
fig.  223),  this  is  not  always  the  case,  for  in  another  type  of  neri^e-cell  within 
the   nerve-centres   (short-axoned   cell,    fig.    224),    the    axis-cylinder    process 


■_     , 


Fk;.    222. — PeKICJOJ^LUJ.AK    NKUKO-I'IBKILS   AIIUUND    a   L.VK(iE   PYKAMIUAL 
CIE-LL    OF   THE    linJU.VN    OOKTEX    UEKEERI. 

I  am  indebted  to  Dr  J.  Turner  for  the  drawing  here  reproduced. 

breaks  up  almost  immediately  into  an  arborescence.  The  long  process  of  the 
first  type  (which  becomes  the  axis-cylinder  of  a  long  nerve-fibre),  although 
it  may  remain  unbranched  throughout  its  course,  ultimately  ends  in  almost 
every  instance  in  a  terminal  ramification  or  arborescence ;  Vi^ljether  the 
ending  be  at  the  periphery  or  within  the  central  nervous  system  itself. 

Synapses. — Each  nerve-cell  including  all  its  processes  is  regarded  as  an 
anatomically  independent  element  (nerve-unit,  neurone,  neurocyte),  and  the 
connexion  of  one  nerve-cell  with  another  is  believed  to  be  effected  through  the 
medium  of  the  terminal  arborisations  of  the  cell-processes.  Such  arborisa- 
tions, derived  from  different  cells,  may  interlace  with  one  another,  as  in  the 
olfactory  glomeruli,  in  the  retina,  and  in  the  sympathetic  ganglia  (fig.  225) ; 
or  a  terminal  arborisation  from  one  cell  may  embrace  the  body  or  the  cell- 
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processes  of   another  cell;   as  with   the  cells  of  the  spinal  cord  (fig.  226), 


Fig.  223. — A  pyramidal,  cell  of  the  coetkx  cjEUEi:Ki  of  the  rabbit.     Cell 

OF   TYPE    I.    OF   UOLOI  (WITH    LONll    AXON).       (Cajal.) 

a,  basal  dendi'ons ;  iJ,  apical  dendron  i-amifying  near  surface  ;  e,  axon  or  nerve-fibre  process  ;  c,  its 
collaterals  ;  &,  fibres  of  white  matter  of  brain. 

the  cells  of  the  central  acoustic  nucleus  in  the  pons  (fig.  221)  and  in  many 
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other  places.     The  term  synapse  or  iieuro-synapse  is  apphed  to  these  modes 


Fig.  224. — Cell  oi'  tyi-js  ij.  oi'  Golgi,  with  short  .vxun  ramifying  ik 

THE    ADJACENT   UKEY    MATTER.       GoLCI    METHOD.       (Cajal.) 
a,  axon  ;  rf,  d,  dendrons. 


-Synaptic  coknexkjns  oir  symi>athetic  cells  from  the 

superior  CERVIC.V.L   CANGLION    OF    MAN.       (Cajal.) 
Thu  celis  At  B  show  well-marked  iiifcracapsular  dendrons  ;    C,  D,  synapses  between  dendrons  out- 
side the  cell-capsules;  E,  a  fibre,  which  is  itself  surrounded  by  a  fine  spirally  wound  fibril, 
passing  to  a  celland  forminfj  a  synapse  with  the  cell  dendrons  within  the  capsule  ;  a,  a,  axons ; 
0,  c,  d,  e,  f,  extra-capsular  dendrons. 

of  junction.     By  them  nerve-cells  are  linked  together  into  long  chainn  of 
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neurones ;  the  anatomical  path,  as  above  indicated,  being  interrupted  at  the 
synapses,  although  physiological  changes  (nerve  impulses)  are  propagated— 
stepping  over,  as  it  were,  from  one  neurone  to  the  other  at  each  synapse. 
Probably  what  really  happens  is  a  generation  of  new  nervous  impulses  in  the 
successive  neurones  of  the  chain. 


The  doctiine  of  the  anatowioal  independence  of  the  nerve-cell  is  known  as  the 

"  neurone-theory  "  (Waldeyer).  It  is  supported 
by  the  appearances  of  ehromate  of  silver  pre- 
parations of  nerve-cells.  In  these  the  reduction 
of  the  silver  is  strictly  confined  to  single  cells, 
which  become  stained  with  all  their  jjrocesses  ; 
and  these  processes,  when  demonstrated  by  this 
method,  are  never  found  in  continuity  either 
with  the  processes  or  with  the  bodies  of  other 
nerve-cells.  Moreover,  many  of  the  facts  relat- 
ing to  nerve-degeneration  can  be  more  readily 
interpreted  by  this  theoiy  than  by  one  which 
assumes  the  existence  of  direct  continuity 
between  the  nerve-units.  But  it  has  been 
shown  by  Apathy  that  in  annelids  (the  nervous 
system  of  which  was  formerly  supposed  to 
offer  a  typical  example  of  isolated,  linked 
"neurones"),  the  fibrils  are  in  fact  continuous 
from  cell  to  cell  and  are  not  interrupted  at  the 
synapses ;  it  is  possible  that  the  same  may 
prove  tiue  for  vertebrates  also,  in  which  case 
the  doctrine  of  independent  units  would  require 
modification.  But  there  undoubtedly  exists  a 
physiological  independence  so  far  as  the  main- 
tenance of  nutrition  of  the  cell  (or  neui'one)  is 
concerned  ;  and  there  is  also  evidence  that  in 
the  transmission  of  nerve  impulses  from  one 
neurone  to  another  a  block  always  occurs  at 
the  synapses,  causing  a  slight  arrest  or  delay  in 
the  transmission.  It  is  also  noteworthy  that 
nerve-impulses,  so  far  as  is  known,  pass  a 
synapse  in  one  direction  only,  never  in  the 
reverse  direction.  In  motor  or  efi'erent  neurones 
this  direction  is  always  towards  the  cell-body 
by  the  dendrons  and  away  from  it  by  the 
axon. 


Fii;.  226. — Arborisation  or  col- 
laterals   FROM     THK     IWRSAL 

ROOT-riBRES  AROUND  CELLS  IN 
THE  DORSAL  HORN  OF  (4RET 
JIATTER.      (Cajal. ) 

A,  fibres  of  dorsal  column  derived 
from  dorsal  root ;  B,  collaterals ; 
C,  D,  nerve-cells  in  grey  matter  sur- 
rounded by  the  arborisations  of  the 
collaterals ;  E,  an  arborisation  shown 
separately. 


NEKYE   GANGLIA. 

In  the  ganglia  (figs.  227,  228)  each 
nerve-cell  has  a  nucleated  sheath  which  is 
continuous  with  the  neurolemma  of  the  nerve-fibre  with  which  the  cell 
is  connected.  In  the  spinal  ganglia,  and  in  many  of  the  corresponding 
ganglia  on  the  roots  of  the  cranial  nerves  of  mammals  and  of  most  other 
vertebrates,  the  cells  have  only  one  issuing  process,  the  axis-cylinder  process, 
which  soon  acquires  a  medullary  sheath  and  then  passes  with  a  somewhat 
convoluted  course  to  some  little  distance  fi'om  the  cell-body,  where,  still 
within  the  ganglion,  it  divides  into  two ;  one  fibre  passing  to  the  nerve- 
centre,  and  the  other  towards  the  peripheiy.     The  branching  is  T-shaped  or 
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Y-shaped    and  alw.n-s  occurs  at  a  node   of   Ranvier  (figs.    22i)     -30)       Tlio 
neu..o.hb..,s  ot  the  cent..!  and  penphe-a,  l.anehes  .eiin  thei.  '^^a.^ 


Vu 


211  —L 


^—■^^^  f  in-^if-ipA.i 


A    LOW    MAi;jiU.-YLNO    1>.JWJ.JK.  ^LJvNJiS    "!■     1111.    i„„;,    _vs    sjiEx    i.,m,j.;k 

rto™.   fvo,,,   the  „e„,   to   ^''^^^  ^^^n'kjSi^-^^I^Sl?-^'-;^:-^:^;^^^ 


Flf;.    2. 

Tin-  .•lear 
Some 


TYHKS    (IF   TELLS. 

liatch,  free  of  Nissl  1,'raiml 
of  the  cell  bod ie.K  ha\  e  .«hr 
ilarkly  staiiiirii.'  [-ells,  ( ti 


iKr-:r>*^ 


Fliotugiaph.      Magniiied24(»,)ianiet^.is. 
■«.  seen  in  «ui„e  of  the  cells  is  the  place  of  cricin  of  the  i 

:H,™^,,!;-^;;''^;^:;^;;^:ta^.«i^,Notice^,,H.^^ 


n    hee,.n,non  tf-unk;  tliey  at.  traceahle   into  a   iicn-oWilin,  iietwoilc  within 
the    cell-body    (hg.  254).      These    .spinal    ganglton-cells    have,    as    a   tade 

bulbous  enlargements  (ftg.  232)  either  with,,,  the  ceb-eapsule  or  i„„„e<li,^elv 
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Fig.  229.— Two  spikal  i:.\N(11,iun-cblls,  sjiowim;  ureiiRf.vTicjN  ok  Thuib 

NERVK-FIBKK  PK0CJ5SSBS.  '  (Ranvier.)     Osniic  preparation. 

/I,  nucleus  of  ollu  of  the  oellB  ;  n\  nuclei  of  capsules  ;  n",  nuclei  of  neui-olenuna  ; 

c,  f,  c'  c',  constrictions  of  Kanvier. 


Fio.  230. — Types  of  cerjsbko-spinal  oANOUON-CELbs,  fkom  \auus 

GANOLION  or  CAT.      (Cajal.) 

A,  B,  lavi^e  cells  with  much  convoluted  commencement  of  axon  ;  C,  D,  smaller  cells ; 

a,  F,  smallest  cells,  staining  darkly  and  without  axonal  convolution. 
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outside  it  (Huber,  Cajal).  These  either  represent  dendrons,  or,  as  Nageotti 
has  suggested,  aborted  axons.  Short  intracapsular  processes  also  occur  in 
sympathetic  ganglia  (figs.  225,  236). 

The  origin  of  the  axon  is  not  always  simple,  but  may  be  multiple,  the 


Fig.  231.— Pericellular  arborisations  in  mhixai.  (iAN(iiJON-CEj.f,s.     (Cajal.) 

In  A  the  arboi'isatioii  extends  over  the  cell-body  ;  iu  iJ,  it  is  limited  to  the  axon, 

ft,  h^  c,  rf,  afferent  fibre. 


Fill.  232.  —  Cekehku-spinal  can (Ilion -cells,  man.     (Cajal.) 
B,  !/,  iiitracapsular  dendrons,  with  knobbed  extremities. 

several  parts  forming  at  first  a  plexus  close  to  the  cell,  eventually  joining  to 
produce  a  single  axon.  According  to  Cajal  this  multiple  condition  tends  to 
become  accentuated  with  age  (fig.  233). 

Two  chief  varieties  of  cell  oocui'  in  the  spinal  ganglia,  one  large  and  clear,  the 
other  small  and  staining  almost  uniformly  dark  (figs.  228,  230).  According  to 
Eawson,  the  latter  give  origin  to  non-meduUated  sensory  nerve-fibres.  The  cell- 
body  of  the  spinal  ganglion-cell  is  sometimes  invested  by  ramifications  of  a  fine 


1/2 


THE   ESSEXriALS    OF   HISTOLOGV 


iier\e-Kbre  (Kg,  i?,\\  derived  either  from  one  of  the  other  eells  of  the  same 
giiiigliuii  or  fi'oiii  a  eell  in  a  neighliouring  sympathetie  ganglion.  Simihir  fibres, 
tiirming  pericelhilar  plexuses,  also  occur  in  sympathetic  ganglia  (tig.  237). 


Cf 


/o 


.   ^Hv 


Fic.  283. — Senile  tyi'K  oi-'  rEKEr.Ro-sriN.\L  o  \noi,io.n-ci:l]..     (Cajal.) 
a,  i.^svliI1J,^  axon  ;  h,  part  of  iifriuellnlar  plexus  ;  c,  reritellular  lool's. 

Sections    of    sympatlietic    ganglia    (fig.    234)    du   nut   show   the   regular 
arrangement  of  lai'ge  bundles  of  medullated  fibres  trax'ersing   tlie  ganglion 


yfe^KSJw%l'?^^^^ 


«.; 


if'-K.^ 


Fto.   :i34.  — Section'  ok  si  mi',\thetic  oanolton   or  uoc     Photograph. 
Magnified  240  diameters. 


wliicli  foriirs  a  conspicuous  feature  in  spinal  ganglia.  The  nerve -cells  are 
smaller;  they  usually  have  .several  dendrons  and  one  axon;  this  generally 
liecomes  a  non-medullated  ner\e-fibre,  but  is  occasionally  finely  medullated. 
In  certain  animals  (rabbit,  hare,  guinea-pig)  the  .sympathetic  cells  have  each 
two  nuclei  (fig.  23-^)).     Tn  the  frog  the  sympathetic  cells  are  unipolar,  but 
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Fig.  235. — A  sympatitrttc  nerve-cell.     (Ranvier.) 
?i,  /(,  nuclei  of  cell ;  /,  /,  pale  fibres  isRulng  from  cell ;  n',  n",  nviclei  on  fibres. 


FifJ.  236. — Two  sympathktk;  t:ANfjLtoN'-CELLS,  MAN.      (Cajal.) 
a,  a,  axon  ;  h,  e,  intmcapsular  proceasea ;  d,  knob-like  ending  of  an  intracapsular  process. 
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sometimes  with  a  second  spiral  fibre  winding  round  the  issuing  axon.  Such 
spiral  fibres  occur  also  in  man  ;  here  they  appear  to  be  afferent  fibres  which 
are  forming  synapses  around  the  axons  and  cell-bodies  of  the  ganglion-cells 
(fig.  237). 

The  cells  of  ganglia  are  disposed  in  aggregations  of  different  size,  separated 
by  bundles  of  nerve-fibres  (fig.  234).  The  ganglion  if  large  is  enclosed  by 
an  investing  capsule  of  connective  tissue  which  is  continuous  with  the 
epineurium  and  perineurium  of  the. entering  and  issuing  nerve-trunks. 


Flfl.    237. — Two   CELLS  from   a   sympathetic  U.4NGLI0N   or  MAN    SHOWISfl  THE 
TERMINATION   OF   AFFBKENT  FIBRES   WITHIN  THE   CELL-CAPStlLE.      (Cajal. ) 
^Ji  A,  larsfe  ;  B,  sinallVell.     a,  b,  afferent  fibres  surrounding  a  dendron  and  passing  into  the  capsule. 


DEGENERATION   AND   KEGENERATIOS    OF  ^NERVE-FIBRES   AND 
NERVE-CELLS. 

Degeneration. — Since  each  nei've-fibre  is  the  process  of  a  nerve-cell,  when 
a  nerve  is  cut,  the  separated  part  degenerates.  Its  axis-cylinder  becomes 
broken  up  and  disappears,  the  nuclei  of  the  neurolemma  multiply,  and  the 
medullary  sheath  undergoes  a  process  of  disintegration  into  droplets  of  fatty 
substance  which  stain  intensely,  like  olein,  in  a  solution'of  bichromate  of 
potassium  and  osmic  acid,  a  mixture  which  does  not  stain  the  medullary 
sheath  of  normal  fibres.  The  change  which  results  in  the  fibres  \vas  described 
by  A.  Waller  in  18-50,  and  is  known  as  Wallerian  degeneration  (fig.  238, 
A  to  C).  In  man  and  mammals  these  changes  begin  24  to  28  hours  after 
section  of  the  nerve,  and  proceed  rapidly,  so  that  by  the  third  day  the  nerve- 
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fibres  cease  to  conduct  impulses.  When  a  peripheral  nerve  is  cut,  all  the 
nerve-fibres  distal  to  the  point  of  section  must  degenerate,  because  all  have 
grown  from  and  are  processes  of  nerve-cells  in  or  near  the  nerve-centre — 
the  afferent  fibres  from  the  cells  of  the  ganglion  on  the  dorsal  root,  the 
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Fifi, 


2.S8. — DEfnOXlOUATION    and    RErJENERATIOX    OF    NERVE-FIBRES    TX    TiriO 

RAiiBiT.     (Ranvier, ) 


A,  part  of  a  nerve-fibre  in  which  deg-eneration  has  nommenced  in  consequence  of  the  section,  fifty 
jphours  previously,  of  the  trunk  of  the  nerve  higher  ujj ;  my,  myelin  of  medullary  sheath 
,  hecoming  broken  up  into  drops;  ^,  granular  protoplasmic  substance  which  is  replacing  the 
myelin ;  n,  nucleus ;  g,  neurolemma,  B,  another  fibre  in  which  degeneration  is  proceeding, 
the  nerve  having  heen  cut  four  days  previousl.y  ;  ^,  as  before  ;  cy,  axis-cylinder  partl.\-  liroken 
*  up,  and  the  pieces  enclosed  in  portions  of  myelin,  vtiy.  C,  more  advanced  stage  of  degeneration, 
the  medullary  sheath  having  almost  disappeared,  and  being  replaced  by  protoplasm,  p,  in 
which,  besides  drops  of  fatty  substance,  m,  are  numerous  nuclei,  n",  which  have  resulted 
from  the  division  of  the  single  nucleus  of  the  internode,  D,  commencing  regeneration  of  a 
nerve-fibre.  Several  small  ffores,  t',  t',  have  sprouted  from  the  somewhat  bulbous  cut  end,  6, 
of  the  original  fibre,  t;  a,  an  axis-cylinder  which  has  not  yet  acc^uired  its  medullary  sheath  ; 
s,  s',  neurolemma  of  the  original  fibre.  A,  C,  and  D  are  from  osmic  preparations ;  B,  from  an 
alcohol  and  carmine  preparation. 


eiferent  fibres  from  the  cells  of  the  ventral  horn  of  the  spinal  cord  or  from 
similar  cells  in  the  brain. 

Waller  supposed  that  no  changes  are  produced  centrally  to  the  injury 
when  a  nerve  is  cut,  nor  indeed  is  there  any  obvious  immediate  alteration 
in  the  nerve-fibre  itself  between  the  place  of  injury  and  the  cell-body.  But 
it  was  found  by  Niss]  that  degenerative  changes  occur  in  the  cell-body  of 
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every  coll  (whether  motor  or  sensory)  the  axis-cylinder  of  which  has  been 
severed.i  These  changes  become  apparent  a  few  days  after  section  of  the 
nerve-fibre  and  consist  in  a  disintegration  of  the  Nissl  granules,  associated 
at  first  with  a  general  swelling  of  the  cell-body  and  nucleus,  which  last 
passes  to  the  periphery  of  the  cell-body.  After  a  time  the  disintegrated 
chromatic  substance  becomes  in  great  measure  removed  and  the  cell-body  and 
nucleus  become  shrunken  in  volume.  This  process  of  disintegration  and 
disappearance  of  chromatin  is  termed  Nissl  degeneration  or  chromatolysis. 
It  is  brought  about  not  only  by  section  of  the  axon  (fig.  213),  but  also  as 
the  result  of  excessive  fatigue  of  the  intact  cell  (fig.  212),  and  of  the  action 
of  a  large  number  of  drugs  and  poisons. 

The  chromatolysis  may  be  persistent  or  may  be  recovered  from.  Some- 
times it  is  followed  by  almost  complete  atrophy  of  the  cell-body,  and  when 
this  is  marked  there  may  ultimately  ensue  a  secondary  Wallerian  degeneration 
of  the  part  of  the  nerve-fibre  still  attached  to  the  cell.  The  chromatolysis 
is  said  to  be  accompanied  by  degenerative  changes  in  the  neuro-fibrils 
(Marinesco). 

Kegeneration. — After  a  certain  lapse  of  time,  especially  if  the  cut  ends 
of  the  nerve  are  left  in  apposition,  functional  continuity  between  them  may 
become  re-established.  But  when  such  regeneration  takes  place  in  a  cut 
nerve,  it  is  effected  not  by  a  re-establishment  of  anatomical  connexion 
between  the  degenerated  fibres  and  the  fibres  of  the  central  stump,  but  by 
an  outgrowth  of  new  fibres  from  the  stump  (figs.  238,  D,  239,  240),  which 
endeavour  to  find  their  way  to  the  periphery  along  the  course  of  the  de- 
generated fibres.  If  they  succeed  in  doing  so,  the  continuity  and  conducting 
power  of  the  nerve  become  ultimately  restored.  Tliis  may  not  happen  for 
three  months  or  more,  according  to  the  length  of  nerve  cut  off  and  the  nature 
of  the  severance,  although  the  process  of  down-growth  begins  within  a  few 
hours  of  the  injury.  Some  investigators  have  attempted  to  show  that 
regeneration  may  take  place  independently  in  the  peripheral  part  of  the  cut 
nerve,  but  the  evidence  offered  is  not  conclusive,  although  certain  changes  take 
place  there :  such  as  the  multiplication  of  nuclei  and  their  regular  arrange- 
ment within  in  long  protoplasmic  strands  (probably  in  most  cases  occupying 
the  old  sheaths)  into  which  the  new  fibres  grow  (fig.  241).  But  there  is  no 
actual  union  of  the  down-growing  fibres  of  the  central  stump  with  others 
formed  independently  in  the  peripheral  severed  trunk,  and'  of  course  no  union 
with  the  old  axis-cylinders,  which  have  wholly  disappeared.  Recent  investi- 
gations have  shown  conclusively  that  whenever  continuity  is  re-established 
it  is  invariably  due  to  the  growth  of  fibres  from  the  central  stump.  These 
down-growing  fibres  are  usually  terminated  by  a  bulbous  swelling  similar  to 
that  which  characterises  the  growing  fibres  of  the  embryonic  nerves  (incre- 

'■  But  section  of  the  dorsal  root-fibres  central  to  the  ganglia  does  not  entail  de- 
generation of  the  ganglion-oells  from  which  they  arise.  Nor  does  section  of  a  spinal 
nerve  always  entail  degeneration  of  the  ventral  horn  cells  from  which  its  motor  fibres 
arise  (Van  Gehuchten).     Why  these  apparent  exceptions  occur  is  not  understood. 
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mental  cone),  and  they  may  also  exhibit  lateral  ramifications.     Even  when  the 
cut  central  stump  is  turned  backwards  and  fixed  amongst  the  muscles  or 


FxG.  239.— Fibres  li-KOM  thk  cewtkal 

CUT     EKD     OF     SCIATIC     NKRVE      (oF 
YUr>-(;  RABBIT)  CUT  10  DAYS  BEFORi 

DEATH.     (Cajal. ) 

A,  down-growth  of  non-medullated  fibres 
from  the  old  axons ;  a,  intact  part  still 
myelinated,  B,  a  fibre,  the  axis-cylinder 
.of  which  has  not  grown  down  with  the 
rest,  but  which  shows  peculiar  degenerative 
appearances,  such  ap  buds  from  the  axis- 
cylinder,  and  at  rf  a  separation  of  the  neuro- 
fibrils. 


-From  the  distal  ejsd  od' 
a  nerve  cut  78  days  before 
DEATH.     (Cajal.) 

Axis-cylinder  sprouts  which  liave  grown  down 
from  the  central  cut  end  of  a  nerve  into 
the  old  sheaths  of  the  nerve-fibres ;  myeUn 
drops  are  still  visible  within  the  old  sheaths.  • 
Some  of  the  new  fibres  are  interstitial  (not 
in  old  sheaths),  they  are  growing  in  a  newly 
formed  nucleated  protoplasmic  strand,  k,  h. 
Two  of  the  down-growing  fibres  (a,  a)  show 
enlarged  ends ;  c,  a  neuro-fibril  with  bulbous 
enlargement;  c,  nearo-fibrils  growing  down 
within  an  old  sheath  ;  to  the  left  of  it,  an 
old  sheath  without  new  fibres. 


under  the  skin,  a  certain  number  of  newly-budded  fibres  may  find  their  way 
from  it  into  the  degenerated  peripheral  part  of  the  nerve. 

If  regeneration  fail  to  establish  itself,  the  central  end  of  the  cut  fibre 
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and  the  cell-body  from  which  it  takes  origin  undergo  slow  atrophic  o-hanges 
resulting  from  disuse.  These  atrophic  changes  may  ultimately  extend  to 
other  links  in  the  cell-chain,  especially  in  young  animals  ;  so  that  even  remote 
cells  in  the  same  physiological  path  may  eventually  become  atrophied 
(v.  Guddeii'n  atrophy,  recurrent  atrophy). 

No  effective  regeneration  of  cut  nerve-fibres  is  ever  seen  in  the  brain  or 


-I 


Fig.  241. — Lokcutudix^il  section  ok  the  i'Ekiphekal  I'Aiit  of   i  njokve  (cekvic^Ij 

SYMPATHKTIO  01' cat)  WHK'H    WAS   CUT  42   IJAYS   BEFORE   DEATH.      (Tsukaguohi. ) 

Magnified  200  diameters. 

Notice  the  numeroua  longitudinally  arranged  nuclei  which  are  embedded  in  protoplasmic  strands.    Into 
some  of  these  strands  neuro-fibrils  from  the  central  stump  have  already  made  their  waj'. 


spinal  cord,  althougVi  the  process  of  degeneration  of  all  the  fibres  which  are 
cut  off  from  their  cell-bodies  occurs  in  the  same  manner  as  at  the  periphery ; 
Nissl  degeneration  also  takes  place  in  the  cell-bodies.  Both  in  the  nerve- 
centres  and  the  peripheral  nerves  (if  regeneration  fail  to  occur  in  the  latter),  the 
place  of  the  degenerated  nerve-fibres  becomes  eventually  occupied  by  strands 
of  fine  fibres,  not  unlike  the  fibres  of  cicatricial  tissue.  These  strands  stain 
deeply  with  carmine  and  remain  unstained  by  osmic  acid  and  by  the  Weigert- 


Pal    method,    and    are 
meduUated  nerves. 
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thus   differentiated   from   the   surroundiiis   uorinal 


NEUROGLIA. 
Besides  the  nerve-cells  and  nerve-fibres  in  the  brain  and  spinal  cord 
there  occurs  a  peculiar  tissue  which  has  been  termed  the  neuroijlm.  It  is 
composed  of  cells  and  fibres,  the  latter  being  prolonged  from  and  through 
the  cells.  Of  the  neuroglia-elements  some  are  radially  disposed.  These  stait 
from  the  lining  layer  of  the  central  canal  of  the  spinal  cord  and  the 
ventricles   of  the  brain,  being  derivatives  of    the    ciliated    epithelium    cells 


I'kj.  242. — Section  of  swnal  cord  oi-  embryo  chick,  showing  neukuujja- 

riliRES   PROLONGED   FROM    THE   EPITHELIUM    OF   THE   CENTRAL    CANAL.         (Cajal.  ) 

d,  dorsal ;  y,  ventral  surface  ;  c,  central  canal  from  which  the  neuroglia  cells  and  filjres  are  seen 
to  radiate  to  the  periphery  of  the  cord.     Some  detached  neuroji-lia-oells  are  also  represented. 

lining  those  cavities.  They  course  in  a  radial  direction,  slightly  diverging 
as  they  proceed,  and  constantly  branching,  towards  the  surface  of  the  organ, 
where  they  end  in  enlargements  attached  to  the  pia  mater.  Radial  neuroglia 
cells  and  fibres  are  seen  in  the  embryo  before  the  nervous  elements  are  fully 
developed  (fig.  242) ;  the  cells  when  first  distinct  have  been  termed  spongio- 
Uasts  (His). 

Neuroglia-fibres  are  contained  within  prolongations  or  cell-processes  of 
branching  neuroglia-cells  {gliit^cells).  These  cells  are  stellate  in  shape  (fig. 
244),  and  their  fine  processes  pass  as  neuroglia-fibres  between  the  nerve-cells 
and  nerve-fibres,  which  they  aid  in  supporting  (fig.  243).  There  appear  to 
be  two  kinds  of  these  neuroglia-cells  differing  from  one  another  in  the 
character  of  their  processes  (Andriezen).  In  the  one  kind  the  processes 
branch  repeatedly  {arborescent  cells) ;   in  the   other   kind  they  remain  un 
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Fk;.   i!4H. — Tji-\NS\Ki;sK  hecth.i^s'  or  white  mattkj;  of  si-inal  cokI),  midwim. 

NEltVE-FlBKES    (.IT    A(  KUSS    A.ND    NEL'Kl.Ki  EEV-FIBKES    AM(iM;.ST    TllE.M.         {Kaiivief.' 

',  ii  nicdulUiry  iiei'\  u-tiln't; ;  c,  its  axis-cyliiidur  ;  //,  a  small  Hbrt'  ;  n,  rieiiruylia  ccll-bu(l\  ; 
a,  a,  i)curuL''lia-(1lji'f.'? ;  a'  others  cut  aeross. 


Fii;.   244.— XETKocElA-rEEE  FiMiM   yi'iN AE  (.'OKD.      (1-vaiivier. ) 
Isolated  aftti'  inact*ratioii  in  :;:!  jier  rent,  alcoliol. 


DEVELOPMENT  OF  NERVE-CELLS   AND  FLBRES     i8i 

branched  from  their  origin  in  the  cell-body  to  their  termination  {spider-cells) 
(fig.  245,  A  and  B). 

DEVELOPMENT   OF  NERVE-CELLS   AND   NERVE-FIBRES. 
All  nerve-cells  in  the  body  are  developed  from  the  cells  of  the  neural 

A 


Fi(!.  24-.5. — NKURoriLiA-CELLS.     GoLci  METHOD.  _  (Andviezen.) 

A,  a  dendritic  cell,  showing  two  of  its  processes  attached  to  the  wall  of  a  vessel. 

B,  a  spider  cell  with  long  interlacing  but  unbranched  processes. 

groove  and  neural  crest  of  the  early  embryo ;  the  neural  groove  closing  to 
form  the  neural  canal  (fig.  246),  the  cells  of  which  form  the  spinal  cord  and 
brain,  and  the  neural  crest  giving  off  at  intervals  sprouts  which  become  the 
germs  of  the  spinal  ganglia.  The  cells  which  line  the  neural  canal  are  at 
first  all  long  columnar  cells,  but  amongst  these,  and  probably  produced  by 
cell-division   from  some  of  them  (fig.    247,  g  ;  fig.   250,  a),   rounded  cells. 
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neuroblasts,  make  their  appearance,  the  remaining  elongated  cells  forming 
the  spongioblasts.     Soon  from  each  neuroblast  a  process  begins  to  grow  out 


A. 


Fif:.    246. — Cl.OSUEE    OF    NEURAL    CANAL    OP    HUMAN    ElMBKYO,     SHOWINO     TIIK    CELLS 
OF    THE    NEURAL   f!REST    BECOMINa    SEflREOATEB    TO    FORM    THE    r4ERMS    OP    THE 

SPINAL  OANOLTA.     (v.  Lenhoss6U. ) 

A,  oanal  sf.ill  open  ;  B,  canal  closed. 


Fig.  247.  Tio.  248. 

Fio.  247. — Section  of  tjeitral  epithelium  of  early  EMimvo.     (His.) 

ITig;hly  magnified  view  of  part  of  a  .section,  at  the  time  of  the  first  differentiation  of  the  nem*o- 
blasts,  showing:  s',  spongework  foi-med  of  the  outer  ends  of  cohimnar  epithelium  cells,  s ;  ;f, 
rounded  "  germinal  cells  "  in  procea.s  of  division  (prohablj'  to  form  neuroblasts) ;  n,  a  neuro- 
blast. 

Fig.  248. — Neuroblasts  from  a  viv.  embryo,  showing  three  stages  op 
DEVELOPMENT.     (Giirwitsch,  after  Scott.)    Highly  magnified. 


(fig.  247,  n ;  fig.  248  ;  fig.  250).  This  is  the  axon,  and  it  is  usually  character- 
ised by  an  enlarged  extremity  {incremental  cone)  (fig.  249,  h,  c,  d,  h,  i ; 
fig.  250,  <1,  e).  Some  of  these  growing  axons  emerge  from  the  ventro-lateral 
region  of   the  canal  and  become  the  axis-cylinders  of  motor  nerves.     The 
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Kl<:.    249. 


•25(1. 


Fkv.   '249. — Ski'tidx  (if  si'Inwi,  rin;ii  of  ffncK  <w  tiiiku  thy  of  i.vi  ri!  \tiii\. 

(Oajal.) 

A,  \eiiti'al  root-fibvL'S  forniL-il  \\\;  oiitgrowtlis  of  iimtor  neuroltlasts,  *',  e\  />,  (Iniwal  niot-tibres 
formed  by  iiig-rowths  of  bipolar  sensory  neuroblasts,  c,  in  fjfanglion  rudiment;  a,  earl>-  neuro- 
blasts ;  h,  neuroblast  givinp;  rise  to  a  commissural  nerve-fibre,  d  ;  //,  /',  enlarg-ed  etKK  of 
trrowin'i"  axons  ;  e,  p,  neuroblasts  of  wbicb  the  dendi'ons  are  bet^'"ituiin;^''  to  apjiear. 


Flu.  250. ^Section   hf  part  ni--  neuhal 


("iANAI,    itF    ri[[('K    OK    'LWd    AM>    .\     llAbF    [>AYh 


(Cajal. ) 

^1,  g'erminal  layer  containing  s|.iherical  neuroblasts,  a^  h,  c  (nf  these  a  neiu'o-fibi-ij  lias  alreadv  lie^'-uii 
to  grow  out  from  rt);  JB,  neuroblasts  in  a  bipolar  sta,L':e  ;  rf,  eidarg-e^l  end  nf  ^^iviuiii;,'  axon; 
e,  another  growing"  tangentially. 


1'^ 


Fid.  '2")].-  NKrni)r;r,ASTs    frum   tiif  sFrxAi,,  coku  of    \   thiko  n.vv  ciiick 
KMHRVo.      (Cajal.) 

y(,  three  iieurolilasts,  sUiiiieil  l>\  I'lijals  rciluml  silver  mel  hml,  sh.jwiii},' a  iietwcili  "f  jieuiTi-llliiil^ 
in  tlie  eell-hody  ;  a.  a  liiiioiar  n-ll.  /;,  a  neuroblasl.  .■^taiiied  li,\  the  iiieth.i.l  .if  (iol^ri,  slinwiiiu 
the  incremental  (■(jiie,  c. 
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Fl(!.    ■252.— (-iROWTXli    NRRVK-FinRES    IN    TATL    OF   TADPOLE.       (KoUiUed. ) 


Fio.  253.— Spinal  and  sympathetic  gancilia  and  part  of  spinal  cord 

OF   CHICK    OF  SEVENTEENTH    DAY    OP    INCUBATION.       (Cajal.) 

,  ventro-lateral  part  of  spinal  cord  with  d,  a  motor  nerve-cell ;  the  fibres  of  the  ventral  root  are 
seen  emerging  and  passing  to  JS  (the  connexion  appears  interrupted  in  the  section) ;  C, 
posterior  root  formed  of  fibres  which  have  grown  from  the  ganglion -cells  in  D,  spinal  ganglion  ; 
yi',  mixed  spinal  nerve ;  F,  sympathetic  ganghon ;  a,  a,  axons  of  sympathetic  cells,  passing 
to  join  the  spinal  nerve ;  b,  dendrons  of  these  cells  ;  c,  axons  passing  to  the  sympathetic  cord  ; 
h,  cells  of  spinal  ganglion  still  bipolar ;  %  i,  bipolar  cells  becoming  transformed  into  unipolar ; 
j,  unipolar  cell  with  T-jxmction  ;  /,  section  of  an  artery  ;  g,  body  of  vertebra. 


DE]-RL01\MRXT  OF  XERMl-CELLS  AND  FinRRS     1S5 

dendrons  of  tlie  cells  appear  somewhat  later  than  the  axons.  The  axis- 
cylinder  processes  of  some  of  the  neuroblasts  remain  within  the  nerve-centre  ; 
from  these  are  developed  the  commissural,  association,  and  intercentral 
fibres.  Hai-rison  has  directly  observed  the  outoi-owtli  of  the  axon  processes 
of  the  neuroblasts  (if  the  amphibian  larva  in  isolated  neurolilasts  examined 
in  sei'um  under  the  microscope.  The  growth  of  nerve-fibres  can  also  be 
obser\-ed  at  the  ends  of  the  developing  nerve-fibres  in  the  tail  of  the  tadpole 


Frc.  2.54.  — SiTNAr, 
Thfpr 


;an<;m()N-(:i-:[,i.s  of  i':Mr.K'i"n  A'l 

Jilrill.AR    TO    rNlPIII,.\K    CEl.LS. 


PEKIIUl    (IF    TRANSTTTI 

(Cajal.) 

ojiar.Ttinii  li.as  lieen  stained  to  show  the  neiiro-tibvils.    A,  B,  unipolar  cells  ;  C,  D.  /■',  (J, 
forms  ;  A',  7i'.  l)ipo]ar  c-ells  ;  //,  small  fell  with  neuro-fibrils  ijK-onijiletely  (le\  elopei 


The  sprouts  from  the  neural  crest  contain  the  neuroblasts  from  wliich 
the  dorsal  root-fibres  are  (le\'eloped.  Axons  grow  out  from  these  neuro- 
blasts in  two  directions,  so  that  the  cells  become  bipolar  (figs,  l'49,  ^TvI). 
One  set  of  processes,  forming  the  dorsal  root-fibres,  grows  into  the  dursal 
portion  of  the  neural  canal  and  its  fibres  ramify  in  the  developing  gi-ey  matter  ; 
the  other  set,  containing  the  afferent  fibres  of  the  spinal  lu^ives,  remains 
outside  the  canal  and  grows  towards  the  developing  \entral  roots,  eventually 
mingling  with  them  to  foi-m  the  mixed  nerves.  As  de\elopineiit  proceeds, 
the  bipolai-  ganglion  cells  become  gradually  traiisfonucil  iji  iimst  vertebrates, 
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by  a  shifting  of  the  two  axons,  into  unipolar  cells  (fig.  253,  h,  i,  j ;  fig.  254) ; 
but  in  some  fishes  the  cells  remain  permanently  bipolar  (fig.  220).  This 
is  also  the  case  with  the  ganglion-cells  of  the  eighth  cranial  nerve  (ganglion 
of  Scarpa  and  ganglion  of  the  cochlea). 

The  ganglia  on  the  sympathetic  and  on  other  peripheral  nerves  are 
developed  from  small  masses  of  neuroblast  cells  which  have  wandered  along 
the  course  of  the  out-growing  nerve-fibres,  and  give  origin  to  axons  and 
dendrons  much  in  the  same  way  as'  do  the  neuroblasts  within  the  central 
nervous  system. 

The  manner  in  which  the  medullary  sheath  and  neurolemma  of  the 
nerve-fibres  are  formed  is  not  fully  understood.  Tt  is  probable  that  the 
medullary  substance  at  any  rate  is  formed  by  the  axis-cylinder  itself,  whilst 
the  neurolemma  with  its  nuclei  is  derived  from  cells  (lemmal  cells)  which 
have  wandered  out  from  the  neural  ectoderm  along  with  the  outgrowths  from 
the  neuroblasts  and  accompany  them  in  their  progress  to  the  tissues.  It  is 
however  possible  that  the  lemmal  cells  are  of  mesodermic  origin. 

Certain  neurologists  are  of  opinion  that  the  nerve^fibres  do  not  grow  out  from 
single  nerve-cells  in  the  manner  above  described,  but  are  formed  of  chains  of  cells 
which  emerge  from  the  neural  ectoderm  or  from  the  ganglion-rudiments,  and  join 
end  to  end  into  a  syncytium,  which  gradually  lengthens  out  into  the  nerve-iibre, 
the  nuclei  of  the  syncytium  becoming  the  nuclei  of  the  neurolemma,  and  the 
protoplasm  of  the  syncytium  liecoraing  differentiated  into  axis-cylinder,  medullary 
sheath,  and  nem'olemma  as  development  advances. 

Development  of  neuroglia. — The  neuroglia  is  developed  from  the  spongio- 
blasts of  the  neural  canal.  These,  in  place  of  giving  off  an  axon  and  dendrons 
like  the  neuroblasts,  send  out  a  iiumber  of  fine  processes  in  all  directions 
from  the  cell-body  to  form  the  fibres  of  the  neuroglia.  It  is  held  by  some 
authorities  that  the  neuroglia  has  a  double  origin,  some  of  the  cells — those 
with  unbranched  processes — being  developed  from  ectoderm  and  the  others 
from  mesoderm. 


LESSON   XIX.    . 
MODES  OF  TERMINATION  OF   NERVE-FIBRES. 

1.  Shell  out  a  Pacinian  coi'puscle  from  a  piece  of  cat's  mesenterj',  which  may 
either  be  fresh  or  may  have  been  kept  for  two  or  three  days  in  ^\  per  cent,  chromic 
acid  or  in  5  per  cent,  formol.  Clear  it  as  much  as  possiljle  nf  adhering  fat,  but  be 
careful  not  to  prick  or  otherwise  inj\ire  the  corpuscle  itself.  Mount  in  water  or 
saline  with  a  thick  hair  to  prevent  crushing  with  the  cover-glass.  Sketch  the 
corpuscle  under  a  low  power,  and  afterwards  draw  under  a  high  power  the  part  of 
the  core  where  the  nerve  enters  and  the  part  where  it  terminates.  Notice  the 
fibrous  structure  of  the  lamellar  tvmics  of  the  corpuscle  and  the  oval  nuclei  belong- 
ing to  flattened  epithelioid  cells  which  cover  the  tunics.  The  distinct  lines,  which 
when  seen  in  the  fresh  corpuscles  are  generally  taken  for  the  tunics,  are  I'eally  the 
optical  sections  of  these  flattened  cells. 

2.  Pacinian  corpuscles  may  also  be  observed  in  sections  of  the  skin  (in  the 
subcutaneous  tissue).  Tactile  corpuscles  may  be  seen  in  the  papillae  of  the  palmar 
surface  of  the  hand  and  fingers.  Their  study  may  be  reserved  until  the  skin  is 
dealt  with. 

3.  Dissect  off  a  small  portion  of  conjunctiva  from  the  eye  of  a  calf  or  other 
animal  which  has  been  quite  freshly  killed.  Spread  it  out  on  a  slide  with  the 
under  surface  uppermost,  and.  place  upon  it  a  drop  of  1  per  1000  methylene  blue 
solution.  Watch  the  preparation  with  a  low  power  until  the  nerve-fibres  come 
into  view,  then  cover  and  trace  them  with  the  high  power.  They  will  be  seen  to 
end  in  elongated  end-bulbs. 

Somewhat  similar  endings  can  be  shown  in  the  same  manner  in  a  ]jiece  of 
parietal  peritoneum  stripped  off  and  laid  out  flat  upon  a  slide  and  mounted  in 
methylene  blue  solution. 

4.  Study  the  corpuscles  of  Grandry  and  of  Herbst  in  sections  of  the  skin 
covering  the  duck's  bill. 

5.  Mount  in  dilute  glycerine  sections  of  a  rabbit's  cornea  which  has  been 
stained  with  chloride  of  gold  by  Klein's  method  (see  Appendix).  Notice  the 
arrangement  in  plexuses  of  the  darkly-stained  nerve-tibres  and  fibrils,  (1)  in  the 
connective-tissue  substance,  (2)  under  the  epithelium,  and  (3)  between  the  epithelial 
cells.     Make  one  or  two  sketches  showing  the  arrangement  of  the  fibrils. 

6.  Spread  out  a  small  piece  of  nmscle  which  has  been  stained  with  chloride  of 
gold  by  Lowit's  method,  or  with  methylene  blue  by  Bhrlich's  method,  and  examine 
it  with  a  low  power  to  find  the  nerve-fibres  crossing  the  muscular  fibres  and  dis- 
tributed to  them.  Occasionally  the  nerve-fibres  which  end  in  the  muscle-spindles 
may  be  observed. 

•  The  pieces  of  muscle  are  advantageously  thinned  out  for  observation  by  pressure 
upon  the  cover-gla8.s.  Search  thoroTighly  for  the  close  terminal  lumifications  (end 
plates)  of  the  axis-cylinders  immediately  within  the  sarcoiemma.  The  motor 
endings  are  most  readily  shown  in  the  muscles  of  reptiles  such  as  snakes  and 
lizards. 

These  nerve-endings  as  well  as  others  elsewhere  can  also  be  displayed  in 
preparations  made  by  other  methods  (see  Appendix). 


Modes  of  ending  of  sensory  nerve-fibres. — Nerve-fibre.s  which  are  dis- 
tributed to  sensory  part.s  end  either  in  special  organf:   or  in  free  termwal 
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ramifications,   these  last   being   usually   in   epithelia.     Within  the   special 
organs  the  actual  nerve-ending  is  also  generally  ramified. 

Nerve-endings  in  special  connective-tissue  organs. — Three  chief  kinds  of 
these  special  organs  are  usually  described,  represented  in  man  by  Pacinian 
corpuscles,  tactile  corpuscles,,  and  end-bulbs.  The  type  is  the  same  in  all : 
a  lamellated  connective-tissue  capsule  enclosing  a  core  of  a  soft  material 
which  appears  to  be  mainly  composed  of  nucleated  protoplasmic  cells  with 
fibres  between  them.     The  capsule  is  an  expansion  of  the  perineurium,  and 


Fig.  255. 
Fid.  255. — Tactile  corpiisolk  within  a  papilla  of  the  skin  of  the  hand, 

STAINED    with   CHLORIDE    OF   GOLD.       (Ranvier. ) 

71,  two  nerve-fibres  passing  to  the  corpuscle  ;  a,  a,  varicose  ramifications  of  the  axis- 
cylinders  within  the  corpuscle. 

Fio.  256. — Section  of  a  tactile  corpuscle,  showing  the  cells  composing  the 

CORE  AND   THE  RAMIFICATIONS   OF  THE  AXIS-CYLINDER  AMONGST   THEM,  ENDING 
IN    FIRRILLATED    ENLARGEMENTS.       ( Van  de  Velde.  ) 

tt,  axis-cylinder ;  &,  capsule  of  corpuscle ;  c,  a  nerve-termination  outside  the  corpuscle. 


the  core  an  expansion  of  the  endoneurium  of  the  nerve.  Within  the  core 
the  axis-cylinder  terminates  either  simply  or  by  an  arborescence.  Th,e 
variations  which  occur  are  chiefly  due  to  the  complexity  of  this  arborescence 
and  that  of  the  capsule,  which  is  simplest  in  the  end-bulbs  and  most  complex 
in  the  Pacinian  corpuscles.  In  the  tactile  corpuscles  and  end-bulbs  the 
connective-tissue  sheath  of  the  medullated  fibre  expands  to  form  a  bulbous 
enlargement,  which  is  cylindrical  or  spheroidal  in  end-bulbs  and  ellipsoidal 
in  tactile  corpuscles.  In  both  kinds  o^  end-organ  as  the  nerve-fibre  enters 
(which  in  the  tactile  corpuscle  only  happens  when  it  has  reached  the  distal 
part,  after  having  wound  .spirally  once  or  twice  round  the  corpuscle)  it  loses 
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its  sheath  and  is  prolonged  as  an  axis-cylinder  only.     This  generally  soon 
ramifies  and  its  branches  terminate  after  either  a  straight  or  a  convoluted 


Fig.  257. — END-Bn^BS  at  the  tkkminations  of  serves  in  thk  hcmak 

CONJUNCTIVA,    AS    SEEK    WITH    A   LENS.       (LoilgWurth. ) 


Fig.  258. — A  medi'llated  eibre  tekmjnaiinc  in  several  end-bulbs  in  the 
HUMAN  PEBiTONEUM.  (A.  iS.  Dogiel. )  Methylene  blue  preparation.  Low 
power. 

course  within  the  organ ;  but  it  sometimes  remains  almost  unbranched  (see 
figs.  225  to  260). 

Tactile  corpuscles  occui'  in  some  of  the  papillte  of  the  skin  of  the  hand  and 
foot,  in  sections  of  which  they  will  be  studied  (see  fig.  367,  p.  ^64).     End-bulbs  are 
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Fit;.  259. — Ekd-eules  fkom  the  human  rKRiTOHBum.     (Dogiel.)    More  highly 

magnified.     Methylene  blue  preparation. 

((,  inedullated  fibre  ;  h,  nucleated  laiiiellated  capsule  of  end-bulb  ;  c,  iion-niedullated  fibres, 

probably  destined  for  the  capillaries  which  surround  the  end-bulbs. 


Fig.  260. — End-bulb  from  the  central  tendon  or  the  diaphragm  ok  the  dog. 
(Dogiel.)  Showing  besides  the  main  meduUated  fibre  terminating  by  an 
arborescence  within  the  core,  a  second  very  fine  meduUated  fibre,  forming  a 
more  delicate  arboresoenoe  around  the  ending  of  the  main  fibre  in  the  outer 
part  of  the  core.     Methylene  blue  preparation. 


Fig.  261. — End-bulb  from  the  glanm 
i'enis,  showing  termination  of  axis- 
(CYLINDER.  Methylene  blue  prepara- 
tion.    (Dogiel.) 

u,  meduUated  nerve-fibre  ;  h,  sheath  of  end-bulb, 


A  n  --         B 

Fill.  262. — Gbasujiy  corpuscles  from 

THE  duck's  tongue.     (Izquierdo.) 
A,  comjjosed  of  three  cells,  with  two  intecposed 
disks,  into  which  the  axis-cylinder  of  the  nerve, 
n,  is  observed  to  pass ;   in  B  there  is  but  one 
tactile  disk  enclosed  between  two  tactile  cells. 
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found  in  the  conjunctiva  of  tlie  eye,  wliere  in  most  animals  they  have  a  cylindrical 
or  oblong  shape,  but  in  man  they  are  spheroidal  (fig.  257):  They  have  also  been 
found  in  papilla:  of  the  lips  and  tongue,  in  serous  meinbranes,  in  tendons  and 


Fig.  263. —Magnified  view  of  a  pacinian  t.ody  froji  the  cat's  mesentkry. 

(Rauvier. ) 

n,  stalk  of  corimscle  with  nerve-iibre,  enclosed  in  sheatli  of  Heule,  passing  to  the  corpuscle :  n, 
its  continuation  through  the  core,  m.,  as  axis-cylinder  onI.y ;  «,  its  terminal  arborisation ; 
c,  d,  sections  of  epithelioid  cells  of  tunics,  often  mistaken  for  the  tunics  themselves ;  /,  channel 
through  the  tunics  which  expands  into  the  core  of  the  corpuscle. 


aponeuroses,  and  in  the  epineurium  of  the  nerve-ti'unks ;  and  somewhat  similai' 
sensory  end-organs  {genital  corpuscles)  also  occur  in  the  integument  of  the  external 
genital  organs  of  both  sexes  (flg.  261;.  Similar  bodies  of  larger  size  are  also  met 
with   in  the   neighbourhood   of  the   joints  {articular  corpuscles).     In   the   skin 
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covering  the  bills  of  certain  birds  {e.g.  duck),  a  simple  form  of  end-organ  {corpuscle 
of  Grandry,  fig.  262)  occurs,  consisting  of  two  or  more  cells  arranged  in  rows  within 
a  capsule,  with  the  axis-cylinder  terminating  in  flattened  expansions  {tactile  disks) 
between  the  cells. 

The  Pacinian  corpuscles  (figs.  263,  264)  are  larger  and  have  a  more  complex 
structure  than  the  tactile  corpuscles  and  end-bulbs.  They  are  composed 
of  a  number  of  concentric  coats  arranged  like  the  layers  of  an  onion,  and 
enclosing  the  prolonged  end  of  a  nerve-fibre.  A  single  medullated  nerve- 
fibre  goes  to  each  Pacinian  corpuscle,  encircled  by  a  prolongation  of  the 


Fig.  264. — Section  of  pacinian  cokpusclio.     (Szymonowiez. ) 

,  one  of  the  layers  of  epithelioid  cells ;   «,  nucleus  of  epithelioid  cell.    It  is  seen  that  the  tunics 
are  very  closely  packed  around  the  core,  in  the  middle  of  which  the  axial-fibre  is  cut  across. 


perineurium  {sheath  of  Henle),  and  within  this  by  endoneurium ;  when  it 
reaches  the  corpuscle,  of  which  it  appears  to  form  the  stalk,  the  lamellse  of 
the  perineurium  expand  into  the  tunics  of  the  capsule.  The  nerve  passes  on, 
piercing  the  tunics,  surrounded  by  endoneurium,  and  still  provided  with 
medullary  sheath,  to  reach  the  central  part  of  the  corpuscle.  Here  the 
endoneurium  is  prolonged  to  form  a  core  of  cylindrical  shape,  along  the 
middle  of  which  the  nerve-fibre,  now  deprived  of  its  medullary  sheath  and 
neurolemma,  passes  ip  a  straight  course  as  a  simple  axis-cylinder  (figs.  263,  n  ; 
265,  c.f)  to  terminate  at  the  farther  end  of  the  core,  either  in  an  arborisation 
or  in  a  bulbous  enlargement.  In  its  course  through  the  core  it  may  give 
ofi"  lateral  ramifications,  which  penetrate  to  all  partg  of  the  core,  and  them- 
selves end  in  fine  branches. 
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Besides  tlie  meduUated  fibi'e,  wliiuli  is  always  very  conspicuous,  it  has  been 
sliown  that  both  the  Pacinian  and  Herbst  corpuscles  (see  below)  receive  a  fine 
non-medullated  nerve-fibre  which  arborises  over  the  outer  surface  of  the  core. 
_A.  similar  arrangement  also  obtains  in  Grandry's  corpuscles,  where  the  tactile  cells 
are  surrounded  with  such  an  arborisation  (Dogiel  and  others). 

The  tunics  of  the  capsules  are  composed  of  connective  tissue,  the  fibres 
of   which   for    the   most    part    run    circularly.     They  aio  covered   on   both 


Fni.  200. 
Fig.  2G5. — Pakt  oi'  pacinian  body,  showing  the  nebve-fibre  enteking  the 

COKE.      FkOM  an   OSMIO  ACID   PRBPAKATION. 

m^,  entering  nerve-fibre,  the  medullary  sheath  of  which  is  stained  darkly,  and  ends  abruptly  at 
the  core,  c ;  %ia,  prolongation  of  primitive  sheath  or  neurolemma  passinj^  towards  the  outer 
part  of  the  core  ;  c./,  axis-cylinder  passing  through  the  core  as  the  central  fibre ;  r,  some  of 
the  inner  tunics  of  the  corpuscle,  enlarged  where  they  abut  against  the  canal  through  which 
.  the  nerve-fibre  passes — the  dots  within  them  are  sections  of  the  fibres  of  which  they  are 
composed ;  n,  nuclei  of  the  tunics ;  »',  nuclei  of  the  endoneurium-cells,  continued  by  others 
in  the  outer  part  of  the  core. 


Fig.  260. 


-Pacinian  corpuscle  from  the  cat,  stained  with  silver  nitrate. 
(Drawn  by  G.  C.  Henderson.) 


surfaces  with  a  layer  of  iJattened  epithelioid  cells  (fig.  266),  and  here  and 
there  cleft-like  lymph-spaces  can  be  seen  between  them  like  those  between 
the  layers  of  the  perineurium. 

A  simple  form  of  Pacinian  corpuscle  with  fewei'  tunics  and  a  core  foi'med  of 
regularly  arranged  cells  occurs  in  birds  {corf)vscles  of  Herhst,  fig.  267). 

Pacinian  corpuscles  occur  in  many  situations,  especially  in  the  deepei'  layers  of 
the  skin  of  the  hands  and  feet,  in  the  periosteum  of  some  bones,  in  the  neighboui'- 
hood  of  tendons  and  ligaments,  in  the  connective  tissue  at  the  buck  of  the  abdomen 
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and  (in  the  cat)  very  numerously  in  the  mesentery,  where  they  are  most  easily  got 
for  observation. 

Although  most  of  the'  nerve-endings  in  connective-tissue  structures  are 
enclosed    within    lamellated    capsules,    nerves   are   found   to   end   in   some 
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Fig.  267. — Hebbst  corpuscle  op  duck.     (Sobotta.)     x380. 

11,  meduUated  nerve-flbre ;    a,  its  axis-cylindcv,  terminating  in  an  enlargement  at  end  of  core ; 
c,  nuclei  of  cells  of  core  ;  (,  nuclei  of  cells  of  outer  tunics  ;  t',  inner  tunics. 


¥lG.  26H. — TekM1>AJ.  ARJiOKlBATION  FROM  THE  INTERMUSCULAR  CONNECTIVE  TISSUE 
OF  THE  KECIiUS  ABDOMINIS  OF  THE  BABBIT.  METHYLENE  BLUE  I'EEPABATIOU. 
(Dogiel.) 


situations  in  arborisations  between  bundles  of  connective-tissue  fibres. 
This  has  been  shown  by  Dogiel  to  occur  in  intermuscular  connective-tissue 
septa  (fig.  268) ;  and  in  serous  membranes  (fig.  269)  ;  in  the  latter  such 
arborisations  may  be  quite  superficial  and  placed  just  below  the  endothelium. 
Organs  of  Buffini. — These,  which  resemble  long  cylindrical  end-bulbs,  are 
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c()imecti\  e-tissue   buudles,   within  which    the   axis-cylinders    of    the    nerves 


Fi(i.  '2B9. — Tekmina],  akeorisatiok  fkum  the  suj^eki'Icial  jlavek  uf  the 

I'EUITONEUM    OF  THE   KABBIT.       MlSTHYLMNE    BLUE    I'RErAKATKlN.       (Dogiel.) 

tt,  ineduUated  fibre  ;  b,  fibre  conneuting  the  arboriBation  with  another  one 
not  here  represented. 


Fig.  270. — An  okgan  of  Ruffisi  fkom  the  subcutaneous  tissue.     (Ruffini.) 
7i,  entering  nerve-fibres ;  a,  u,  ending  of  their  axons ;  c,  c,  capsule  of  organ  ;  c',  core. 


Til.'.    271.— OkOAN   of  (ioijGI-MAZZONI  FBOM  SUBCUTAKEOUS  TISSUE.      (Ruffini.) 
The  organ  resembles  an  end-bulb  in  general  structure. 

ramify,  ending  in  flattened  expansions  (fig.  270).  They  occur  fairly  numer- 
ously in  the  subcutaneous  tissues  of  the  finger.  Other  end-bulb-like  organs, 
spheroidal,  oval,   or   cylindrical   in  form,   have  been  described  by  Rufiini 
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under  the  name  of  Golgi-Mazzoni  corpuscles  (fig  271) ;  they  appear  to  be 
varieties  of  the  end-bulb.  They  also  occur  in  the  subcutaneous  tissue  of  the 
pulp  of  the  finger  and  in  tendons. 

Organs  of  Golgi. — A  special  mode  of  nerve-ending  is  met  with  in  many 
tendons,  near  the  points  of  attachment  of  the  muscular  fibres.     The  tendon- 


I'li;.  272. — Okuan   of  OiojjUi  from  the  human  TENDO  ACHILLIS.      CULOIUDE 

OF    (iOLLI   I'KKI'ARATION.       (Ciaociu.) 
in,  niUHCular  libres  ;  t,  lendon-buiidlesj ;  Q,  Golgi's  oryan  ;  n,  two  nerve-libres  passiiijj  to  it. 


Fig.  273.— Organ  or  Golgi j  more  highly  magnifikd.     (Ciaocio.) 

■rt,  entering  nei-ve-flljre ;  if,  its  slieath  of  Henle  ;  a,  a,  i-amiBcation  of  axis-cylinders 

between  the  tendon-bundles. 

bundles  become  somewhat  enlarged  and  split  into  a  number  of  smaller 
fasciculi,  and  the  nerve-fibres — one,  two,  or  even  more  in  number — pass  to 
the  enlarged  parb,  and  penetrating  between  the  fasciculi  of  the  tendon  lose 
their  medullary  sheaths,  while  the  axis-cylinders  end  in  a  terminal  arborisa- 
tion, beset  with  irregular  varicosities.  The  structure  (figs.  272,  273)  is 
enclosed  within  a  fibrous  capsule  continuous  with  the  areolar  tissue  covering 
the  bundles  of  the  tendon ;  and  between  the  capsule  and  the  organ  proper 
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is  a  lymph-space,    similar   to   that   which   is  found   in    the  muscle-spindle 
(see  p.  200). 

Free  nerve-endings. — When  sensory  nerve-fibres  terminate  in  epithelium, 
they  generally  branch  once  or  twice  in  the  subepithelial  connective  tissue  on 


Fifi.  274-. —Vertical  section  of  coknea  stained  with  chloride  of 
GOLD.     (Ranvier. ) 

n,  ?',  primary  plexus  in  connective  tissue  of  cornea ;  a,  branch  passing  to  subepithelial 
plexus,  s  ;  ^,  intra-epithelial  plexus  ;  6,  terminations  of  fibrils. 

nearing  their  termination.  The  sheaths  of  the  fibres  then  successively 
become  lost,  first  the  connective  tissue  or  perineural  sheath,  then  the 
medullary  sheath,  and  lastly  the  neurolemma,  the  axis-cylinder  being  alone 
continued  as  a  bundle  of  neuro-fibrils.  This  branches,  and  interlacing 
with   the  ramifications  of   the  axis-cylinders  of   neighbouring   nerve-fibres 


Fjfi.  275. — Intba-epithelial  nerve-tekminations  in  the  larynx. 
(ioLGi  METHOD.     (G.  Retzius.) 

On  the  left  the  epithelium  is  stratified  and  on  the  right  ciliated  columnar, 
n,  nerve-fibres  in  corium. 


forms  a  primary  plexus.  From  the  primary  plexus  smaller  branches  come 
ofii  and  form  a  secondary  plexus  nearer  the  surface,  generally  immediately 
under  the  epithelium  if  the  ending  is  in  a  membrane  covered  by  that 
tissue.  Finally,  from  the  secondary  plexus  nerve-fibres  proceed  and 
terminate  by  ramifying  amongst  the  tissue  cells  (fig.  274,  p,  V),  the 
actual  ending  being  generally  in  free  varicose  fibrils  (6).     This  mode  of 
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Fig.  277. 

Fig.  276. 

Fig.  276. — Ending  of  nerve  in  tactile  disks  in  the  pig's  snodt. 
(Ranvier.) 

n,  medullated  fibre  ;  m,  terminal  disks  or  menisci ;  e,  cells  of  the  Malpighian  layer  of  the 
epidermis ;  a,  somewhat  modified  cell  to  which  a  tactile  disk  is  applied. 

Fig.  277. — Section  of  muscle-spindle.     (Sobotta.)     Magnified  40  diameters. 
Hht  sheath  of  spindle  ;  )n,  intrafusal  muscle-fibres  ;  n,  nerve-fibres  ;  M,  ordinary  muscle-fibres. 


u^— --  a 
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Fig.  278. — Ending  oi'  nerve-fibres  in  muscle-spindle.     (Ruffini.) 

Three  intrafusal  muscle-fibres  are  shown.  71,  nerve-fibres  entering  spindle ;  a,  axis-cylinders 
terminating  around  and  between  the  intrafusal  fibres  in  ring-like,  spiral,  and  irregularly 
ramified  endings. 

ending  is  characteristically  seen  in  the  cornea  of  the  eye,  but  can  also  be 
rendered  evident  in  other  epithelia  (fig.  275). 


NER  VE-ENDINGS 


199 


In  some  situations  the  nerve-fibrils  within  a  stratified  epithelium  ter- 
minate in  flattened  or  crescentic  expansions  -which  lie  in  the  interstices  of 


wr*3 
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Ft(i.  279. 


Fig.  280. 

Fig.  279.— Nerve-endings  upon  the  intrafusal  muscle- 
fibres  OF  A  MUSCLE-SPINDLE  OF  THE  RABBIT ;  MODERATELY 
MAGNIFIED.     METHYLENE  BLUE  PREPARATION.     (Dogiel. ) 

a,  large  medullated  fibre  coming  off  from  ' '  spindle  "  nerve  and  passing 
to  end  in  an  annulo-spiral  termination  on  and  between  the  intra- 
fusal fibres;  h,  a  fine  medullated  fibre  coming  off  from  the  same 
stem  and  dividing.  Its  branches,  c,  pass  towards  the  ends  of  the 
muscle-fibres  and  terminate  in  a  number  of  small  localised  arbori- 
sations. 

Fig.   280. — An  annulo-spiral  ending   of  intrafusal 

FIBRE  ;    highly    MAGNIFIED.      METHYLENE    BLUE  .  PRE- 
PARATION,     (Dogiel.) 
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the  deeper  epithelium  cells,  to  some  of  which  they  are  applied.  These 
expansions  are  known  as  tactile  disks ;  they  are  characteristically  developed 
in  the  skin  of  the  pig's  snout  (fig.  276),  and  are  also  found  in  the  outer  root 
sheath  of  hairs  and  in  the  deeper  parts  of  the  epidermis  in  various  parts. 
With  appropriate  treatment  it  may  be  shown  that  they  consist  of  a  fine 
network  of  neuro-fibrils. 

Sensory  nerves  of  muscles. — The  sensory  nerves  of  muscles  end  in 
peculiar  organs  which  were  termed  by  Ktihne  muscle-spindles.  Their 
structure  has  recently  been  specially  investigated  by  Ruffini,  Huber,  and 
Dogiel,  and  also  by  Sherrington,  who  has  shown  that  the  large  medullated 


Ftg.  281.— Sknsory  kerve  tbbminatino  in  areorisations  around  the 
ENDS  OF  MUSCLE-FIBRES.     (Cecoherelli.) 

nerves  which  they  receive  (about  three  or  four  such  fibres  entering  each 
spindle  not  far  from  its  equator)  are  derived  from  the  dorsal  root-ganglia. 
The  muscle-spindle  is  a  fusiform  body,  from  0'7.5  to  4  mm.  long,  and 
from  0'08  to  0'2  mm.  in  diameter  ;  it  lies  parallel  with  the  general  direction 
of  the  fibres  of  a  muscle.  It  consists  of  a  lamellated  connective-tissue  sheath 
externally,  within  which  is  a  bundle  (intrafusal  bundle)  of  from  two  to  twelve 
peculiar  muscle-fibres  (fig.  277).  These  with  some  connective  tissue  and  the 
nerve-fibres  form  an  axial  mass ;  between  this  axial  bundle  and  the  sheath 
is  a  lymphatic  periaxial  space,  bridged  across  by  filaments  of  connective 
tissue.  The  intrafusal  muscle-fibres  are  somewhat  like  embryonic  fibres  in 
appearance,  being  smaller  than  the  ordinary  fibres,  of  the  muscle  and  having 
a  relatively  large  number  of  nuclei  with  surrounding  protoplasm,  as  in  the 
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red  variety  of  muscle.     At  the  proximal  end  of  the  spindle  they  are  usually 
only  two  or  three  in  number,  but  they  become  cleft  as  they  pass  through  it ; 


Fig.  282. — Nebve-bnding  in  musculae,  fibre  of  \  uzard  (Lacerta 
viridis).     (Kiihne.) 

A ,  end-plate  seen  erlgeways ;  By  from  the  surface ;  s,  s,  sarcolemma ;  p,  p,  expansion  of  axis- 
cylinder.  In  B  the  expansion  of  the  axis-cylinder  appeai-ri  as  a  clear  network  branching  from 
the  divisions  of  the  mednllated  fibres. 


Fig.  283. — Motor  nerve-endings  in  the  abdominai.  muscles  of  a  bat. 
Gold  PREPARATION.     Magnified  170  diameters.     (Szymonowicz. ) 


at  the  distal  end  they  may  terminate  in  tendon-bundles.  The  nerve-fibres 
which  pass  to  the  spindle  are  mostly  of  large  size ;  they  divide  after  reaching 
the  intrafusal  bundle,  but  retain  their  medullary  sheath  for  a  time,  although 
eventually  terminating  as  axis-cylinders,  which  wind  in  a  spiral  manner  between 
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and  around  the  intrafusal  muscle-fibres  (figs.  278,  279,  280),  which  they 
clasp  by  flattened  encircling  branches  (annulo-spiral  endings).  Other,  much 
finer,  meduUated  fibres  pass  to  the  spindle  and  terminate  in  neighbouring 
parts  of  the  intrafusal  bundles  in  flower-like  or  plate-like  expansions  (fig. 
279).  According  to  some  observers  these  fine,  fibres  are  prolonged  from  the 
annulo-spiral  endings  of  the   coarser  fibres;    but  Dogiel  states  that  they 

run  independently  to  the  intrafusal  bundle. 
No  motor  nerve-fibres  appear  to  pass  into 
the  spindles,  unless  •  the  fine  fibres  above 
mentioned  are  to  be  so  regarded,  nor  do 
the  muscle-fibres  of  the  spindle  undergo 
atrophy  on  section  of  the  motor  nerve-roots, 
as  is  the  case  eventually  with  the  ordinary 
muscle-fibres.  It  is  not  uncommon  to  find 
two  or  three  spindles  near  one  another  or 
even  enclosed  in  a  common  sheath.  Muscle- 
spindles  have  not  yet  been  found  in  the 
muscles  of  the  tongue,  but  otherwise  their 
occurrence  is  general. 

In  the  frog  both  motor  and  sensory  nerves 
may  terminate  in  and  between  the  same  muscle- 
flbres,  but  at  different  parts  of  the  fibre. 

Another  kind  of  ending  of  sensory  fibres 
in  muscle  has  been  described  by  Ceccherelli, 
in  the  form  of  an  arborisation  of  nerve- 
fibrils  around  the  ends  of  the  muscle-fibres 
which  are  inserted  into  tendon  (fig.  281). 

Ending  of  motor-nerves.  —  The  motor- 
nerves  to  muscles  terminate  in  fine  rami- 
fications of  the  axis-cylinder ;  in  striated 
(voluntary)  muscles  the  ramification  is 
localised  in  special  organs  termed  motor 
end-organs,  or  less  correctly,  end-plates. 

In  voluntary  muscle,  the  nerves,  which 
are  large  and  medullated,  terminate,  as 
is  just  stated,  in  special  end-organs  (figs.  282  to  285).  A  medullated  fibre 
will  branch  two  or  three  times  before  ending,  and  then  each  branch  passes 
straight  to  a  muscular  fibre.  Having  reached  this,  the  neurolemma  of  the 
nerve-fibre  is  continued  into  the  sarcolemma  of  the  muscle,  the  medullary 
sheath  stops  short,  and  the  axis-cylinder  ends  in  a  close  terminal  ramification 
with  varicose  expansions  upon  its  branches.  This  ramification  is  embedded 
in  a  layer  of  granular  nucleated  protoplasm  (sole)  (fig.  284,  b),  probably  a 
development  of  the  sarcoplasm  of  the  muscle.  In  some  cases  the  ramification 
is  restricted  to  a  small  portion  of  the  muscular  fibre,  and  forms  with  the 


FtG.    284.— MOTOB   END-OROAN 

OF   A   ijZAitD.     Gold    i'BE- 
I'ARATION.     (Kiihne. ) 

■#*,  nerve-fibre  dividing  as  it  ap- 
proaches the  end-organ  ;  r,  rami- 
fication of  axis-cylinder  upon  b, 
granular  l3ed  or  sole  of  the  end- 
organ  ;  m,  clear  substance  sur- 
rounding the  ramification  of  the 
axis-cylinder. 
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granular  bed  a  slight  prominence  (eminence  of  Doyere).  This  is  the  case  in 
insects  and  mammals.  In  lizards  the  ramification  is  rather  more  extended 
than  in  mammals,  whilst  in  the  frog  it  is  spread  over  a  considerable  length 
of  the  fibre.     The  ramification  shows  a  fibrillar  structure,  when  appropriately 


Fig.  285. — Musci.k-fibres  of  mouse  with  fint?  non-medcllated  firrks  endtno  in 

SMALL  expansions  NEAT4  THE  END-PLATES.     (Boeke. )     Magnified  ISOO  diameters. 

m;  meduUafced  fibre  ;  «,  accessory  fibre. 

fixed  and  stained  (fig.   285).     Tn   mammals   there   appears  to  be   only  one 
end-plate   to   each  fibre ;   in  reptiles  there  may  be  several.     The  end-plate 
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Fio.  286. — Endinb  of  nerve-fierils  over  plain  muscle-oells. 

(Huber  and  de  Witt. ) 

a,  fibrils  passing  to  their  termination  ;  b,  a  terminal  fibril ;  c,  a  branch  passing  to  another 

muscle-cell ;  n,  nuclei  of  cells. 

is  covered,  externally  to  the  sarcolemma,  hy  an  expansion  of  the  sheath  of 
Henle  of  the  nerve-fibre  {telolemma). 

Besides  the  medullated  nerve-fibre  with  its  end-plates  many  if  not  all  muscle-fibres 
receive  an  accessory  non-medullated  nerve-filament  which  also  ends  in  a  fibrillar 
expansion  at  the  surface  of  the  fibre  (fig.  285).  These  filaments  do  not  degeneratr 
of  the  motor  nerve  is  cut  before  it  receives  fibres  from  the  sympathetic  (Boeke). 
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In  involuntary  muscle,  both  plain  and  cardiac  (figs.  286,  287),  the  nerve- 
fibres,  which  near  their  termination  are  entirely  non-medullated,  end  in 
plexuses.  The  primary  plexuses  are  generally  furnished  with  ganglion  cells 
in  abundance.     Such  gangliated  plexuses  are  best  developed  in  the  wall  of 


Fig.  287. — Ending  or  nekve-fibkes  in  cardiac  muscle.     (Smirnow.) 

the  intestine.  From  the  cells  of  these  plexuses  other  nerve-fibres  pass  which 
form  secondary  plexuses  and  terminal  ramifications  amongst  the  contractile 
fibre-cells,  to  the  surface  of  which  the  endings  of  the  branches,  often  slightly 
enlarged,  are  applied  (Huber  and  de  Witt).  Boeke,  however,  finds  (in  the 
ciliary  muscle)  that  the  terminal  fibrils  pass  into  the  muscle-cells,  ending 
within  them  in  loop-like  expansions. 


LESSON  XX. 
STRUCTURE  OF  THE   LARGER   BLOOD-VESSELS. 

i.  Sections  of  a  mediuiii-sized  peripheral  artery  and  vein,  e.g.,  popliteal  or  radial. 
In  this  prepaiution  the  limits  of  the  vasculai-  coats  ean  be  well  seen  and  al.so  the 
differences  which  they  pi'esent  in  the  arteries  and  veins  I'espectively.  The  sections 
may  be  stained  with  h«matoxylin  and  eosin  or  with  orcein,  and  mounted  in  danimai-. 

•2.  Mount  in  dammar  a  thin  slice  cut  from  the  inner  surface  of  a  large  artery 
which,  after  having  lieen  cut  open  longitudinally  and  washed  with  distilled  water, 
has  been  rinsed  first  with  nitrate  of  silver  solution  and  subsequently  with  distilled 
water  and  exposed  for  a  minute  or  two  to  sunlight.     It  should  then  be  hardened 


Fic:.  288. — Section  of  renal  akteby  or  dog.     (G.  Maniii)     Low  power  photograph. 

The 'elastic  layer  of  the  i  thin  inner  coat  is  thrown  into  corrugationa  hy  the  yost-niorteni  con- 
traction of  the  middle  coat.  The  distinction  between  middle  coat  and  adventitia  is  well 
shown.  Some  branches  of  the  renal  nerves  are  seen,  cut  across,  in  the  tissue  around  the 
artery. 

in  alcohol.     This  preparation  will  show  the  outlines  of  the  endothelium-cells  which 
line  the  vessel.     A  similar  preparation  may  be  made  fi'om  a  large  vein. 

.3.  A  piece  of  an  artery  which  has  been  macerated  for  some  days  in  33  per 
cent,  alcohol  is  to  be  teased  so  as  to  isolate  some  of  the  muscular  cells  of  the  middle 
coat  and  portions  of  the  elastic  layers  (networks  and  fenestrated  membranes)  of 
the  inner  and  middle  coats.  The  tissue  may  be  stained  cautiously  with  diluted 
hiematoxylin,  and  glycerine  aftei'wards  added.  The  muscular  cells  ai'e  recognisable 
by  their  long  rod-shaped  nuclei  ;  they  often  have  an  irregular  outline.  Sketch  one 
or  two  and  also  a  piece  of  the  elastic  network  or  fenestrated  membrane.  The 
fenestrated  membrane  is  best  obtained  from  one  of  the  arteries  of  the  base  of  the 
brain  ;  it  is  also  well  seen  in  the  arteries  within  the  kidney. 

4.  Transverse  sections  of  aorta  and  carotid.  Notice  the  preponderance  of 
elastic  tissue  in  these  compared  with  ordinary  periphei'al  ai'teries. 
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').  TiuiisNcisc  sertioii  i)f  vuiKi  cava  iufeiioi'.  Notire  the  cxmipaiutivt'ly  thin 
layer  of  L-iru\ilai'  muscle,  and  outside  this  tlic  thick  laver  of  longitudinal  uivisculai' 
liundles  in  the  a<lventitia. 

Make  sketches  from  I,  J,  and  .">  under  a  low  power,  finrn  li  and  3  under  a  higli 
|)owei-. 


"^^-^^^s^EJe-i?-"^ 


Fm;.  '28P. — Ttiansvkrsk  section  of  part  of  the  wall  of  tiil  pustkkk^l  tiltal 
AKTia;v.     75  dianicteiw. 

a,  riiil<H.b(.'li;il  anil  siibeiiilnthelial  l;t\crsof  imitr  coat;  /',  elastic  l:i\  ec  (feiK'strEited  iiiL-inlifaiic')  of 
iiiiRT  cijiit,  jqtiK.'iiiiii;^''  as  a  liri^irlit  line  in  section;  i".  mntscnlar  layer  (middle  i-oat);  d,  outer 
coat,  c(nisistiny  of  cnii)iecti\  c-l  issui.'  Iiuiidles.  In  the  interstices  of  llie  bundles  are  sonic 
coniiecti\  e-t.i.s^ut  nuclei,  and,  especially  near  the  muscular  coat,  a  number  of  elastic  libres  cut 
across. 


.^,»v—  i*"--""^'«,  ■■.■,;■,'■*?-- ...S.J.-,.  •.'■   ..      " 


--^'-  ^V    :j^'-^       .  .' 


FlO.    '290. — >SECT10^     of    KEN.iL    .\KTEKV    ST-VKNKn    WITH    OHCKIIv"    TO    SHOW    TJir; 

iiiSTKiiiUTiON  oi'  THE  EL.\sTic  TISSUE.     ]\[agnitied  2011  diameters. 
«.,  iriTier  coat. ;  /',  iiiirldlL' coal :  c,  ii(l\  t'Tititia. 


THE  LARGER  BLOOD-VESSELS 


207 


An  artery  is  usually  described  as  being  composed  of  three  coats,  an 
imier  or  elastic,  a  middle  or  muscular,  and  an  external  or  areolar  (flss.  288, 
289,  290).  It  is,  however,  more  correct  to  describe  the  wall  of  an  artery  as 
being  mainly  composed  of  muscular  and  elastic  tissue,  lined  internally  by 
a  pavement  epithelium  (endothelium),  and  strengthened  externally  by  a 
layer  of  connective  tissue  {adventitia). 

The   inner   coat    {tunica  intima)  is   lined   by  a  thin  layer   of  pavement 


Fifi.  292. — Elastic  xetwouk  of 
AETERY.      (Toldt.) 


Fk;.  291.— Epithelial  layjsk  lininu 
tpii  posterior  tibial  artery. 
250  diameters. 


Fig.  293. — Portion  of  fenkstratku 

iMliMBRANE     OP    HeNLE     FROM      AN 
ARTERY.       (Toldt. ) 


epithelium  (endothelium),  the  cells  of  which  are  somewhat  elongated  in  the 
direction  of  the  axis  of  the  vessel  (fig.  291),  and  form  a  smooth  lining  to  the 
tube.     After  death  they  become  easily  detached. 

The  eudotlielium  is  the  essential  layer  in  all  blood-\essels.  It  is  always  the 
first  part  to  be  developed,  and  in  some  it  I'emaiiis  as  the  only  layer  of  the  vessel. 
This  is  the  case  with  all  tiue  capillaries  and  with  certain  veins,  and  also  with  the 
lacunar  spaces  or  sinusoids,  which,  as  Minot  has  pointed  out,  take  the  place  of 
capillaiies  in  certain  parts  (e.g.  in  the  liver,  the  medulla  of  the  suprarenal  capsules 
and  the  Wolffian  body  of  the  embryo)  ;  it  is  also  true  of  the  sinuses  of  erectile 
tissue,  as  well  as  the  sinus-like  blood-vessels  which  are  met  with  in  invertebrates. 
In  some  structures  the  endothelial  layer  of  the  blood-vessels  is  imperfect,  viz.  : 
in  the  capillaries  and  blood-sinuses  of  the  spleen,  the  placental  mucous  membrane 
of  the  pregnant  uterus,  and  the  sinusoids  (capillaries)  of  the  liver  ;  in  these  places 
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i\w  lilcMxl  lindN  its   way  iiitu  tlie   intei-stiuus  cif  tlie   mgiui    ami    r(juies   in    direct 
c<->iitai't  witli  tlie  tissue-cells. 

Next  to  the  euduthelium  comes  an  elastic  layer  in  the  form  either  of 
elastic  netivorks  (fig.  292)  or  of  a  fenestrated  mnuhrane  (figs.  293,  29-1:).  In 
some  arteries  there  is  a  layer  of  fine  connecti\e  tissue  intervening  between 
the  endothelium  and  the  fenestrated  uKmhv&iui  {sub; ndothdml  layer)  (fig.  295). 


l''iG.  294. — FenestkateL)  me.ai- 

UKANE        UF        OXB         OF        THE 
CORTICAL    BRANCHES     OF    THE 

rEjN'al  akteky.     (Mann.) 


-*'*■ 


^> 


Fig.  '295. — Subendheot- 
eial  layer  of  artery 
stained    with     silver 

NITRATE. 


The  middle  coat  (tunica  media)  consists  niaiidy  nf  circularlj'  disposed 
plain  muscular  fibres,  but  it  is  also  per\aded  in  most  arteries  by  a  network 
(]f  elastic  fibres  which  ;ire  connected  with  the  fenestrated  membrane  of  the 
inner  coat  and  are  sometimes  ahiiost  as  much  developed  as  the  muscular 
tissue  itself.  This  is  especially  the  case  with  the  largest  arteries,  such  as  the 
aorta  and  carotid  and  its  immediate  branches,  whereas  in  the  smaller  arteries 
of  the  limbs  the  middle  coat  is  composed  almost  purely  of  muscular  tissue. 
The   muscular   fibres   are   c(im])arati\ ely   short,   with  long  rod-shaped   nuclei 
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Fi(i.   '29H. — Miisn.E-cKij.s  (ik  Fit:.     297.— Musoulaii    fiere-c:eij,s 

.\RTERY.       (KoUiker. )  from    SOPERIOR    THYROln    ARTERY. 

/?,  after  treatment  with  acetic  acid  ;  ^'^  diameters. 
a,  nucleus. 


inlima 


Fig.  298.— Section  of  the  lingual  artery.     (Griinstein.) 

a,  endothelium  and  suhendothelial  layer  of  inner  coat ;  h,  its  elastic  layer  ;  c,  c,  d,  innermost  and 
outermost  layers  of  middle  coat,  with  elastic  fibres  passing  obliquely  to  join  the  elastic  layers 
which  bound  that  coat ;  e,  innermost  part  of  outer  coat  or  adventitia,  showing  many  elastic 
fibres  out  across ;  /,  outer  part  of  adventitia. 

14 


no 
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(ti;,'.  29()),  and  are  often  ii-regulai-.  in   sliape   (a.s  in  fig.    -!97),  especially  if  tlic 
middle  coat  contains  much  elastic  tissue. 

The  imter  coat  is  forjned  of  connecti\-e  tissue  with  a  good'  many  elastic 
fibres,  especially  next  to  the  middle  coat  (figs.  290,  298).  The  .strength  of  an 
artery  depends  largely  upon  this  coat ;  it  is  far  less  easily  cut  or  torn  than 
the  other  coats,  and  it  serves  to  resist  undue  e.xpansion  of  the  vessel.  Its 
outer  limit  is  not  sharply  marked,  for  it  tends  to  blend  with  the  sun-ounding 
connective  tissue  ;  hence  it  has  been  termed  lunica  adventitia. 

Variations  in  different  arteries.- -The  aorta  (figs.  i:99,  .300)  differs  i]i  some 
roHpects  ill  structure  fniui  an  unlinaiy  iivtery.     Its  inner  coat  contains  a  con.sider- 


Fiii.  299. — Section  or  thoe.\cic  .\ort.v  .\s  seen  \-NriKK  a  eow   i>o\vek.     (Toldt.) 

a,  the  inner  coat  consisting  of  three  layers,  viz. :  1.  Endothelium  seen  as  a  fine  line.  2.  Sub- 
endothelial  la_ver.  3.  Elastic  laj'ers.  In  the  outer  part  of  the  inner  coat,  at  its  junction  mth 
the  middle,  a  layer  of  loni^itudinal  muscular  fibres  is  represented  as  cut  across,  b,  middle  coat 
with  alternating  layers  of  muscle  and  elastic  tissue  ;  c,  outer  coat  with  two  vasa  \'asorum. 


able  tliickiiess  of  subendotlielial  connective  ti.ssue,  and  its  elastic  tissue  is 
ehieflv  composed  of  line  filires,  not  especially  luarked  off  from  thfise  of  the 
luiddle  coat,  sn  that  the  innei'  and  middle  coats  a]ipear  blended  with  one 
auothei'.  On  the  other  hand,  there  is  a  very  great  development  of  ela.stic  tis.sue  in 
the  middle  coat,  funning  meudiranons  layers  which  alteiiiate  with  layers  of  the 
muscular  ti.ssue.  A  good  deal  of  connective  ti.ssue  also  takes  part  in  the  formation 
iif  the  middle  layer,  making  this  coat  unusually  .strong.  The  middle  coat  con- 
stitutes almost  the  entire  thickness  of  the  wall,  the  inner  and  outer  coats  being 
relatively  thin. 

Apart  from  the  relative  amou)it  of  elastic  tissue  which  has  been  aheady 
leferred  to,  the  variations  which  occur  in  the  arterial  system  have  reference  ehieflv 
to  the  development  and  arrangement  of  the  muscular  tissue.  Thus  in  many  of 
the  larger  arteries  there  are  a  few  longitudinal  muscular  fibres  at  the  inner 
boundary  of  the  middle  coat,  and  in  some  arteries  amongst  the  circular  fibres  of 
the  middle  coat.  This  is  the  ease  in  the  aorta.  In  the  part  of  the  umbilical 
arteries  within  the  umljilical  cord  there  is  a  complete  layer-  of  longitudinal  fibres 
intei'nal  to  the  circular  fibres  and  another  external  to  them,  whilst  the  amount  of 
elastic  tissue   is  very  small.     Tjongitndinal  fibres  are  also  present  in  .some  otjier 
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arteries  (iliac,  superior  mesenteric,  splenic,   renal,   etc.),   external  to  the  circular 
fibres,  and  therefore  in  the  outer  coat  of  the  artery. 


ni/iiiin 


(liri  } 


il(lrivlih(t{ 


Pici.  ,300. — Section  of  aorta  more  MAfiNiFiED.     (Griinstein.) 

li;  endothelial  and  subendoUielial  layers  of  inner  coat ;  6,  c,  outer  layers  of  inner  coat 
containing  many  fine  elastic  fibres ;  d,  e,  parts  of  outer  coat. 


The  veins  (fig.  301)  on  the  whole  resemble  the  arteries  in  structure, 
but  they  exhibit  certain  diiferences.  In  the  internal  coat  {a,  b)  the  same  layers 
may  be  present,  bub  the  elastic  tissue  is  less  developed,  and  may  be  quite 
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inconspicuous  ;  it  seldom  takes  the  form  of  a  complete  membrane.  The 
epithelium  (endothelium)  cells  are  less  elongated  than  those  of  the  arteries. 
The  middle  coat  (r)  contains  less  elastic  tissue  and  also  much  less  muscular 
tissue,  being  partly  occupied  by  bundles  of  white  connective-tissue  fibres. 
These  are  continuous  with  those  of  the  external  coat  (d),  which  is  relatively 
better  developed  in  the  veins  than  in  the  arteries,  so  that,  although  tliinner, 
theii'  walls  are  often  stronger. 

Many  of  the  veins  are  provided  with  ralvefi,  which  are  ci-escentic  folds 
of  the  internal  coat  .strengthened  liy  a  little  fibrous  tissue  :  a  few  muscular 
fibres  may  be  fcnnid   in  the    valve   near   its   attachment.      The  layer  of  the 


el 


Fli;.     :!(ll.-     TrAXSVERSI".    SKfTION     Ol'    I'ART    IIF    TUF.    WALT.    (IF    OSF    (IF    TIH' 

I'liSTKRKii;  TiKTA],   \'KiNs  (MAX).      AliDul  ^flfl  flianifteis. 

a,  einldtheliul,  and  h,  subendotbelial  layc-r.s  of  inner  c-oat  :  c.  middle  coat  (ronsistinj^  of  in'ei,'nlai- 
layers  of  muscular  tissue,  alternating"  wirli  r.onnecfi\  e  tissue,  and  jiassinii;  snme\\hat  gradually 
into  the  outer  connective-tissue  coat,  d. 

inner  coat  is  rather  thicker  and  the  endothelium-eells  are  more  el(.ingated  on 
the  side  which  is  subject  to  friction  from  the  current  of  blood  than  on  that 
which  is  turned  towards  the  wall  of  the  ve.ssel. 

Variations  in  different  veins.-  Tlie  veins  of  different  ]iaits  vary  (_T)iisiderably 
in  stnictinu.  In  many  veins  loiigitiulinal  muscular  fibres  are  found  in  tlie  inner 
jjait  of  the  middle  coat,  as  in  the  iliac,  femoral,  luubilical  ;  the  umliilical  vein  within 
the  uiuljilical  cord  having  three  miiHculai-  layei's  like  the  corresponding  arteries  ;  it 
has  also  a  well-developed  internal  elastic  layer.  In  other  veins,  longitiulinal  fibres 
occur  external  to  the  circularly  disposed  fibres,  and  may  he  de.sci-ibed  as  Ijelonging 
til  the  outer  coat.  This  is  the  case  with  the  abd(3minal,  and  especially  the  hepatic, 
portions  of  the  inferior  vena  cava  (fig.  302),  and  to  a  less  extent  with  the  hepatic 
veins  and  the  poital  vein  and  its  tributaries.  In  the  suijerioi'  vena  cava,  in  the 
upper  part  of  the  inferior  vena  cava  and  in  the  jngidar,  suljclavian,  and  innominate 
veins  muscular  filires  are  almost  entirely  absent  in  the  middle  coat,  and  there  are 
but  few  in  the  adventitia.  The  veins  of  the  pia  mater,  brain  aiul  spinal  cord, 
retina,  and  bones,  and  the  venous  sinuses  of  the  dura  mater  and  placenta  have 
no  muscular  tissue. 
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It  is  only  the  larger  veins,  especially  those  of  the  limbs,  that  possess  valves. 
They  are  wanting  in  many  of  the  veins  of  the  viscera  (although  occurring  abundantly 


iakwoSS^^ 


'■  i 


Fic.  3(12. — Tkansvekse  section  of  the  inferiok  vena  cava  or  the 
Dou.     (Szyraonowiez. )    Magnified  150  diameters. 

«,  intiuia  ;  &,  thin  ]ayer  of  circular  muscle  ;  c,  thick  adventitia  with  longitudinal 
muscular  bundles ;  d,  a  vas  vasis. 


in  some  of  the  tiibutaries  of  the  portal  vein),  in  those  within  the  cranium  and 
vertebral  canal,  in  the  veins  of  the  bones,  and  in  the  umbilical  vein.  " 
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LESSON   XXI. 

SMALLER  BLOOD-VESSELS  AND  LYMPH-VESSELS, 
SEROUS  MEMBRANES.  MICROSCOPIC  STUDY  OF 
THE  CIRCULATION.  DEVELOPMENT  OF  BLOOD- 
VESSELS. 

I.  Take  a  piece  of  pia  mater  which  has  been  fixed  with  i  pei'  cent,  bichromate 
of  potassium  and  stained  with  hsematoxylin  or  carmine  and  separate  from  it  some 
of  the  small  blood-vessels  of  which  it  is  chiefly  compoiSed,  Mount  the  shreds  in 
dilute  glycerine,  or  after  dehydrating  with  alcohol  and  passing  thi-ough  clove 
oil  they  can  be  mounted  in  dammar.  The  structure  of  the  small  arteries  can  be 
studied  in  this  preparation,  the  nuclei  of  the  endothelium  and  of  the  nmscular  coat 
being  brought  distinctly  into  view  by  the  stain.  The  veins  of  the  pia  mater  possess 
no  muscular  tissue.  Capillary  vessels  which  have  been  dragged  out  from  the  biuin 
in  removing  the  pia  mater  may  also  be  seen  in  this  preparation.  Sketch  two  small 
arteries  of  different  sizes,  giving  also  their  measurements. 

2.  Mount  in  dammai-  a  piece  of  the  omentum  of  the  rabbit,  stained  with  silver 
nitrate.  The  membrane  should  be  stretched  over  a  cork  oi-  a  ring  of  wood  oi'  vulcanite. 
( )i-  it  may  conveniently  be  fixed  by  spreading  it  ovei-  a  glass  plate,  and  having  brought 
its  margins  round  the  edges  of  the  plate,  place  another  plate  of  the  same  size  at 
the  back,  and  bind  the  plates  together  by  a  couple  of  rubber  bands  ;  the  exposed 
surface  can  then  be  treated  in  the  following  way  :  Rinse  with  distilled  water,  cover 
foi'  five  minutes  with  1  per  cent,  nitrate  of  silver  solution,  again  wash  with  distilled 
water  and  expose  to  sunlight  in  water.  When  slightly  browned,  the  preparation 
is  removed  from  the  light.  Pieces  may  now  be  cut  off  from  the  membrane,  floated 
flat  on  a  slide,  allowed  to  dry  completely  and  mounted  in  dammar ;  they  should 
include  one  or  more  blood-vessels.  Or  the  glass  plate  with  the  omentum  stretched 
over  it  may  be  dehydrated  with  alcohol  and  cleared  with  clove  oil  before  cutting 
off  pieces  to  be  mounted  in  dammar.  It  is  easiei'  to  cut  up  after  treatment  with 
clove  ml. 

The  preparation  is  intended  to  show  the  endothelium  of  the  smaller  blood- 
vessels and  accompanying  lymphatics,  and  also  the  endothelium  of  the  serous 
membrane.     Sketch  a  small  piece  showing  these  structures. 

3.  Mount  in  dammar  a  piece  of  the  central  tendon  of  the  rabbit's  diaphragm 
which  has  been  prepared  with  silver  nitrate,  the  pleural  surface  having  been  first 
brushed  to  remove  the  serous .  endothelium  and  thus  enable  the  nitrate  of  silver 
more  readily  to  penetrate  to  the  network  of  underlying  lymphatic  vessels.  Observe 
the  lymphatic  plexus  under  a  low  power  ;  sketch  a  portion  of  the  network.  If 
the  peritoneal  surface  is  focussed,  the  endothelium  which  covers  that  surface  will 
be  seen,  and  opposite  the  clefts  between  the  radially  disposed  tendon-bundles 
stomata^may  be  looked  for  in  this  endothelium. 

4.  Examine  sections  of  the  thoracic  duct.  These  ai'e  made  in  the  same  way 
as  sections  of  the  blood-vessels. 

b.  Stomata. — Open  the  abdomen  of  a  freshly  killed  frog,  preferably  a  male, 
and  remove  the  abdominal'  viscera,  taking  care  not  to  injure  the  membrane  or 
septum  at  the  back  of  the  abdomen,  which  lies  over  and  between  the  kidneys  and 
separates  the  peritoneal  cavity  from  the  cistema  lymphatica  magna,  a  large  lymph- 
space  in  which  the  aorta  and  vena  cava  are  contained.  Cut  out  the  kidneys  along 
with  as  much  as  possible  of  the  above  septum  ;  rinse  with  distilled  water  ;  and 
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place  in  a  watch-glass  of  r  per  cent,  silver  nitrate  for  one  minute.  Rinse 
again  in  distilled  water  and  expose  in  tap  water  to  the  light.  When  slightly 
browned  snip  off  a  portion  of  the  membianous  septum,  float  it  flat  on  a  slide, 
drain  off  the  superfluous  water  and  allow  it  to  diy  ;  then  add  a  drop  of 
dammar  and  cover  the  preparation. 

6.  Kill  a  frog  by  destroying  the  brain  and  study  the  circulation  of  the  blood 
in  the  mesentery.  It  can  also  be  studied  in  the  web  of  the  frog's  foot,  in  the  lung 
and  tongue  of  the  frog  or  toad  and  in  the  tail  of  the  tadpole  or  of  any  small  fish. 
For  observing  the  phenomena  attending  commencing  inflammation  and  the 
emigration  of  leucocytes  from  the  vessels,  the  mesentery  is  the  most  convenient 
object.  The  fi'Og  can  be  immobilised  with  curaii  oi'  by  placing  it  in  water  in 
which  chloroform  or  ether  has  been  shaken  up  :  a  lateral  incision  is  made  in  the 


Fig.  303. 


-Mkthoi)  ov  studying  the  circulation  in  thk  kroij's 
jussENTEEY.     (Ranvier.) 


L,  cork  or  glass  plate ;  B,  perforated  cork,  the  aperture  in  which  is  closed  by  a  circular  glass 
cover  (not  too  thin) ;  m,  mesentery  laid  over  the  glass  cover.  The  brain  is  destroyed  and 
the  animal  then  immobilised  with  curari. 

abdominal  wall,  a  loop  of  intestine  drawn  out,  and  laid  over  a  ling  of  cork  which 
is  fixed,  to  a  glass  or  cork  plate  (fig.  303).  The  membrane  must  be  kept  wet  with 
Ringer's  solution.' 

7.  The  arrangement  of  the  blood-vessels  in  the  various  tissues  and  organs  is 
studied  in  injected  preparations  (see  Appendix  for  methods  of  injection). 


THE   SMALLBK   BLOOD    VESSELS. 


The  coats  of  the  small  arteries  and  veins  are  much  simpler  in  structure 
than  those  of  the  larger  vessels,  but  they  contain  at  first  all  the  same 
elements.     Thus  there  is  a  lining  endothelium  and  an  elastic  layer,  the  two 

'  For  details  of  the  methods  used  in  studying  the  circulation  in  different  parts,  sie 
the  author's  Gowrse  of  Practical  Histology. 
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together  forming  an  inner  coat ;  a  middle  coat  of  circularly  disposed  plain 
muscular  tissue ;  and  an  adventitia.  The  same  differences  are  found  between 
the  smaller  arteries  and  veins  as  with  the  larger,  the  walls  of  the  veins 
being  thinner  and  containing  far  less  muscular  tissue  (fig.  304)J  and  the 
lining  epithelium-cells,  much  elongated  in  both  vessels,  being  far  longer  and 
narrower  in  the  small  arteries  than  in  the  corresponding  veins  (fig.  305). 

In  the  smallest  vessels  it  will  be  found  that  the  elastic  layer  has  entirely 
disappeared  in  the  veins,  and  the  muscular  tissue  is  considerably  reduced  in 
thickness  in  both  kinds  of  vessel.  Indeed,  it  is  soon  represented  by  but 
a  single  layer  of  contractile  cells,  and  even  these  no  longer  form  a  complete 
layer.  By  this  time  also,  the  outer  coat  as  well  as  the  elastic  layer  of  the 
inner  coat  have  disappeared  both  from  arteries  and  veins.     The  vessels  are 


•'!t,.-*'-'''''''''4«jsiSg 

Fig.  304. — Tkansvekse  sectiok  ok  a  small  aktkiiy  and  vein. 
Magnified  250  diameters. 

reduced,  therefore,  to  the  condition  of  a  tube  formed  of  endothelium-cells, 
with  a  partial  covering  of  circularly  disposed  muscle-cells. 

Even  in  the  smallest  vessels  which  are  not  capillaries  the  dififerences 
between  arteries  and  veins  are  still  manifested.  These  differences  may  be 
enumerated  as  follows  :  The  veins  are  larger  than  the  corresponding  arteries  j 
they  branch  at  less  acute  angles ;  their  muscle-cells  are  fewer,  and  their 
endothelium-cells  less  elongated ;  the  elastic  layer  of  the  inner  coat,  is  always 
less  marked,  and  disappears  sooner  as  the  vessels  become  smaller. 

Capillary  vessels. — When  traced  to  their  smallest  branches  the  arteries 
and  veins  are  eventually  seen  to  be  continued  into  a  network  of  the  smallest 
blood-vessels  or  capillaries.  The  walls  of  these  are  composed  only  of  flattened 
epithelium-cells  (fig.  306)  continuous  with  those  that  line  the  arteries  and 
veins ;  these  cells  can  be  exhibited  by  Staining  a  tissue  with  nitrate  of  silver. 
The  cell-outlines  are  not  shown  in  developing  capillaries;  in  these,  silver 
nitrate  shows  no  elective  staining.     This  is  the  case  also  with  the  capillaries 
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of  the  villi,  those  of  the  choroid  coat  of  the  eye  (Eberth),  and  those  of  the 
kidney-glomeruli  (Ranvier) :  in  all  these  places  the  Vails  are  formed  of  a 
syncytium. 

The  capillaries   vary  somewhat  in   size   and  in  the  closeness  of   their 


Vui.    305. — A    SMALJj    ARTJiKY,     ^-1,     AND    VlilN,      V,     FKOM    THE    SUBCTITANEOUS    C0^■- 
NECTIVB     TISSUE     Of     THE     RAT,     TREATED    WITH     NITRATE     OE     SILVER,     WITH 

SUBSEQUENT  STAINING  OF  NUCLEI.     175  diameters. 

a,  ft,  ejidothelial  cells  with  h,  b^  their  nuclei ;  u),  ui,  trantjverse  markings  due  to  staining  of  substance 
between  the  muscular  fibre-cells  ;  c,  c,  nuclei  of  connective-tissue  coiijuscles  attached  to  exterior 
of  vessel. 


meshes ;  their  arrangement  in  different  parts,  which  is  mainly  determined 
by  the  disposition  of  the  tissue-elements,  may  best  be  studied  in  injected 
preparations,  and  will  be  described  when  the  structure  of  the  several  organs 
is  considered. 

Usually  the   arterioles   pass   gradually   into  the   capillary   network  and    the 
capillaiies  unite  to  form  small  veins  which,  on  receiving  others,  gradually  increase 
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in  size'.     But  in  ceitaiii  situations  the  aii-angeuient  is  different.     Thus  in  the  spleen 
tlio  arterial  ea])illaiies  lm\e  inipei-feet  walls  and  the  bhjod  jjasses  into  the  intei'stices 

of  the  reticular  tissue  of  the  organ,  from  which 
it  is  collected  l>y  sinus-like  veins  which  also 
have  incomplete  walls.  In  eiectile  tissue  the 
arterioles  open,  without  the  medium  of  capil- 
lai'ies,  into  lai'ge  caveinous  s]jaces  bounded  \>\, 
fibi'ous  and  plain  muscular  tissues  and  lined  by 
endothelium  :  the  veins  lead  out  of  these  spaces, 
so  that  there  are  no  true  capillaries,  except  such 
as  aie  di.stiibuted  to  tlje  tissues  which  form 
the  walls  of  the  .spaces.  In  the  sympathetic 
ganglia,  as  shown  by  Eanvier  (fig.  307),  the 
capillaries  open  abruptly  into  lai-ge  sinus-like 
venides.  And  in  the  liver  and  a  few  other 
organs,  as  will  )jie.sently  be  explained,  the  con- 
nexion between  afferent  and  eiierent  ve.s.sels  is 
effected,  ncjt  by  true  capillaries,  liut  by  sinus- 
like  s])aces  between  the  tissue-elements  (" sinii- 
.soids"  of  Alinot). 


3UB.— CVI']J,LAKV 
FROM  THE  UJ.AOUEU  OF 
SHOMFIEIJ. 

The  outlines  of  the  cells  are  s 
nitrate  ot  siher. 


\  ESSFLS 
THE  CAT, 


rapiil 


\w   \eins,   iiiiil 


slow 


In  the  trairspareiit  parts  of  animals, 
the  blood  may  be  seen  flowing  through  the 
capillary  network  from  the  arteries  int(j 
the  veins  (fig.  30^*).  The  current  is  very 
rapid  in  the  small  arteries,  somewhat  less 
ill   tile  capillaries.     The  flow  in  any  ve.ssel  is 

N 


~£:ttlUiMOHl. 


I'll;.  3U7. — \"iissiiLS  IN  \  s^Ml•,vmM■lo  (i,\^(;LIo^•  of  the  K.vrurr  liNJECTKi). 

(Ranvier. ) 
a,  .arteriole.^  :  /',  c,  capillaries  ;   r,  .simis-IiiiO  \eitis. 

fastest  in  the  centre,  slowe.st  nearest  the  wall  (inert  layer).     In  this  layer  the 
leucocytes  arc  carried  along  by  the  stream  and  may  be  observed — especially 
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where  there  is  commencing  inflammation  of  the  part,  as  in  the  mesentery 
in  consequence  of  exposure — to  adhere  to  the  inner  surface  of  the  blood- 
vessel, and  here  and  there  to  pass  through  the  coats  of  the  small  vessels, 
and  appear  as  migratory  cells  in  the  surrounding  connective  tissue  (fig.  309). 
The  blood-platelets  are  also  to  be  seen  in  the  inert  layer,  and  in  commencing 
inflammation  show  a  tendency  to  adhere  to  the  wall  and  to  one  another. 


l'l(!.  30S. — BlOOB- VESSELS  US' 
THK  WEB  OF  THE  rROGi'S 
FOOT  SHOWING  AN  ARTERIOLE 
COMMUNICATING  THROUCill 
THE  CAPILLARY  NETWORK 
WITH  A  VENULE.  (Allen 
Thomson. ) 


Fig.  309. — Blood  i'lonvinc;  thkouiiii  a 
small  vein  or  the  fboo's  siesentekv. 

The  mesentery  had  been  exposed  for  a  short  time, 
so  that  there  was  commencintj  inflammation 
and  many  of  the  white  corpuscles  are  observed 
sticking  to  the  side  of  the  vessel  and  even 
passing  through  the  vascular  wall,  a,  central 
rapid  layer  containing  the  coloured  corpuscles  ; 
h,  outer  slower  layer  (mert  layer)  containing  the 
white  corpuscles. 


Fig.    310. — EnUINC    or  sensory  nerve-fibres   in   ARJiORESCEN«ES   IN   THE 
WALL  OF  A  SMALL  ARTERY.      (Dogiel.) 

The  intercellular  substance  between  the  endothelium-cells  is  shown  by  dotted  lines  and  the 
outlines  of  the  muscular  fibres  are  here  and  there  faintly  indicated. 


Vessels  and  nerves  of  blood-vessels. — The  larger  arteries  and  veins  possess 
blood-vessels  (^asa  vasorum)  and  lymphatics,  both  of  which  ramify  chiefly  in  the 
external  coat.  Nerves  are  distributed  to  the  muscular  tissue  of  the  middle  coat, 
after  forming  a  plexus  in  the  outer  coat.  Most  of  the  nerves  are  non-medullated. 
But  there  are  a  certain  number  of  meduUated  fibres  intermingled  with  the  non- 
medullated  and  passing  to  end  in  localised  arborescences  (fig.  310)  partly  in  the 
adventitia,  partly  in  the  intima.  These  medullated  fibres  are  doubtless  afferent ; 
the  majority  of  the  non-medullated  are  probably  efferent  (vaso-motors).  In  the 
aorta  of  man  and  in  Home  of  the  largei'  animals  Pacinian  corpuscles  are  here  and 
there  met  with  in  the  ad\'entitia.  The  capillaiy  vessels  also  receive  nerve-fibres 
(fig.  311),  which  form  a  fine  plexus  of  fibrils  in  close  contact  with  the  endothelium- 
cells  of  which  the  walls  of  these  vessels  are  composed. 
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DEVELOPMENT   OF   BLOOD-VESSELS. 

The  heart  and  blood-vessels  show  themselves  very  early.  They  are 
always  developed  in  connective  tissue  or  in  the  mesenchyme  which  precedes 
it,  the  first  vessels  being  found  in  the  vascular  area  which  surrounds  the 
early  embryo.  Their  development  there  may  be  studied  in  the  embryo 
chick  or  mammal,  and  also  in  the  omentum  of  the  new-born  rabbit,  or  in 
the  serous  membranes  and  subcutaneous  connective  tissue  of  foetal  animals. 
The  cells  which  are  to  form  the  vessels  (vasoformative  cells)  branch  and 
unite  with  one  another  to  form  a  syncytium,  and  cavities  form  in  this  and 


Fig.  311. — Ending  or  nerve-hekils  on  gapillaky  vesskls.     (Uogiel.) 


extend  into  the  branches.  In  the  meantime  the  nuclei  multiply  and  become 
distributed  along  the  branches,  cell-areas  being  at  a  later  stage  marked  out 
around  the  nuclei.  In  this  way  intercommunicating  vessels — capillaries  in 
which  blood-corpuscles  may  have  become  also  developed  (see  p.  43) — are 
produced  (fig.  312).  These  presently  become  connected  with  previously 
formed  vessels,  which  extend  themselves  by  sending  out  sprouts,  at  first  solid, 
and  afterwards  hollowed  out.  Even  the  larger  blood-vessels  appear  first 
to  be  developed  in  the  same  way  as  the  capillaries,  in  so  far  that  the 
epithelium  is  first  formed  and  the  muscular  and  other  tissues  are  subsequently 
added ;  but  whether  they  are  formed  as  clefts  in  the  mesoblastic  tissue, 
which  become  bounded  by  flattened  cells,  or  whether  as  a  hollowed-out 
syncytium,  has  not  been  definitely  ascertained. 
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Many  authors  consider  that  new  blood-veasels  are  exclusively  formed  l)y  sprouts 
from  pre-existing  vessels,  and  regard  the  appearances  above "  described 'as  being 
due  to  retrogressive  development  of  an  already  formed  vascular  network  (see  p.  45). 

SINUSOID   VESSELS. 
These  are  sinus-like  blood-spaces  between  the  cells  of   certain   tissues 
( Minot,  Lewis).    They  may  when  fully  developed  bear  a  superficial  resemblance 


Fig.  312. — Isolatisd  capillary  network  formed  by  the  junction  or  a  hoi.lo wed- 
out  SYNCYTIUM,    containing  COLOURED   BLOOU-CORPUSCLES   IN  A   CLEAR  FLUID 

d,  a  hollow  cell  the  cavity  of  which  does  not  yet  communicate  with  the  network ;  p,  p,  pointed 
processes,  extending  in  different  directions  for  union  with  neighbouring  capillaries. 

to  blood-capillaries,  but  differ  essentially  from  these  in  their  mode  of  develop- 
ment, as  well  as  in  their  relationship  to  the  connective  tissue,  and  to  the 
tissue  elements  of  the  organs  in  which  they  occur.     For,  whereas  capillary 


vci 


Int 


V  Ar 


Fig.  313. — Diagram  to  illustrate  the  development  of  blood-capillaries 
(right  side),  and  sinusoids  (left  side)  respectively.     (F.  T.  Lewis.) 

hit,  intestinal  entoderm  with  outgrowth  on  the  left  to  form  the  liver  and  gall-bladder,  and  on 
the  right  to  form  the  pancreas.  V.*\l,,  vena  cava  inferior;  K.P.,vena  portEe ;  F,  vein,  and 
Ar,  artery  supplying  pancreas.  It  is  seen  that  the  sinusoids  or  apparent  capillaries  of  the 
liver  are  formed  by  the  breaking  up  of  a  large  blood-space  into  channels  by  the  growth  into  it 
of  cell-columns  derived  from  the  hepatic  outgrowth  of  the  entoderm. 


blood-vessels  are  developed  amongst  and  between  the  tissue-elements  and 
are  connected  with  or  grow  from  neighbouring  capillaries  which  are  them- 
selves surrounded  by  areolar  tissue,  sinusoids  make  their  first  appearance 
in  the  form  of  comparatively  large  blood-spaces  connected  with  the  venous  (or 
arterial)  system.  Into  these  spaces,  the  walls  of  which  are  formed  only  of  a 
single  layer  of  endothelial  cells,  the  tissue-elements  of  the  developing  organ 
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(Wolffian  body,  liver,  suprarenals,  blood-glands,  etc.)  grow,  invaginating 
the  thin  wall  and  forming  cell-trabecula'  within  the  sinus  (fig.  313),  so 
that  the  cells  of  the  organ  are  directly  in  contact  with  the  invaginated 
endothelium,  and  are  only  separated  by  this  from  the  blood  contained 
within  the  sinus.  But  the  connexion  may  be  yet  closer  than  this,  for,  as 
happens  in  the  liver,  the  invaginated  endothelium  may  become  defective, 
so  that  the  blood  within  the  sinus  comes  into  •actual  ^sontact  with  the  cells 
of  the  organ,  and  runs  into  the  interstices  between  them.  As  develop- 
ment proceeds  these  interstices  come  to  resemble  blood-capillaries  in  genei'al 


Fi({.    314. — Dkvelopino  LivEii  of  chick,  to  show  how  thic  hepatic  cylinders 

ENCROACH    ON    THE    LUMINA     OF    THE     SINUS-LIKE    VEINS    AND    BKEAK    THEM     T'P 
ULTIMATELY  INTO  THK  CAPILLAEY-LIKE  CHANNELS  CALLED  SINUSOIDS.      (Minot.) 
A.C.,  hepatic  cylinders  ;  Si,  sinusoids. 

arrangement ;  but  the  resemblance  is  only  superficial,  and  the  intimate 
lelationship  between  the  blood  and  the  tissue-elements,  which  are  both 
enclosed  within  the  original  sinus,  is  usually  maintained. 


LYMPHATICS   OE   LYMPH-VESSELS. 

To  the  lymphatic  system  belong  not  only  the  lymph-vessels  and  lymph- 
glands,  but  also  the  cavities  of  the  serous  membranes,  which  are  moistened 
with  lymph  and  are  in  open  communication  with  lymph-vessels  which  run 
in  their  parietes. 

The  larger  lymph-vessels  somewhat  resemble  the  veins  in  structure 
(fig.  316),  except  that  their  coats  are  much  thinner  and  valves  much  more 
liuraerous.     In   lymphatics  of   smaller   size,  which  in   the  fresh   condition 
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l''ri;.    Sir>. — LiVKK  III'-  kmufiyo  ciiii'k   oit  eleven    days.      (Miimt.) 
/i.e..  Iii-patir  eyliiiiliTs;  SI,  siniisciiil^. 
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Fid.   316.— SiiTioN  iiH   MonrK^Tj   si/ri>  t\m[-hatic.     (Kvans.) 
c,  caiiillan  u  sspI'^  iluhliliiiti  il  t...  tin  iimsi  ul.u   .  .aKtiinir-a  nicilia). 
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have   a    clear,  pei-fectly  transparent  appearance  and  a  \'ery  thin  wall,  the 
latter  is  formed,  first,  by  a  lining  of  pavement-epithelimii   cells  (lymphatic 
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Fic.    317. — .SlIPRAVAIATILAR    DILATATION    OF   A    ].VMI-HATIC   (IF   Till-;    IMKSKNTKKV 

UK    A    CAT;    SILVER    NITRATK    PRErARATKlN.        (Railvier, ) 

IH,  circular  nmscic-fit>i'es  ;  v/i',  m' ,  irre^'ular  arraii^enient  of  muscle  at  the  dilatation. 


]''li;.    318. — A    SMALL    FART    OF    THE    LYiMPIIATIC    FLEXII.S    OF   THE    PLEURAl,   LAYER 

OF  'I'HE  DIAFIIRAOM.     jMagiiiHed  110  diameteis.     (Ranvier.  1 

/,  lymitliatii-^  with  cliaracteristic  epithelium  :  c,  cell-spaces  of  the  conuective  tissue  here 
and  there  ahuttin;^^  ayatnst  the  lynipliatic. 


endotheliinii),  "which  are  elongated  in  the  direction  of  the  axis  of  the  vessel; 
and,  secondly,  hy  a  layer  of  circularly  and  obliquely  disposed  muscular  fibres 
(fig.  317).  In  the  smallest  vessels  (so  called  lymph-ccipiUarie.t,  which  are 
generally   considerably   larger  than    the   blood-capillaries),  there  is  nothing 
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but  the  epithelium  remaining,  and  the  cells  of  this  are  frequently  not  more 
elongated  in  one  direction  than  in  another,  but  have  a  characteristic  wavy 
outline  (fig.  318). 

The  lymphatics  receive  numerous  nerve-fibres,  which  are  non-medullated, 
and  which  end  in  a  ramification  of  the  finest  fibrils,  which  are  distributed 
to  the  coats  of  the  vessels  (fig.  319). 

Lymphatics  begin  either  in  the  form  of  plexuses,  as  in  serous  membranes 


Fig.  .319. — Nerves  of  a  lymihatic  vessel,  shown  by  methylene  blue. 

(Dogiel.) 
a,  u,  iion-niedullated  fibres  passing  to  the  vessel ;  &,  part  of  their  terminal  ramification. 


(fig.  320),  or  of  lacutiar  intej'Stices,  as  in  some  of  the  viscera  :  transitions 
occur  between  the  two. 

In  order  to  show  their  structure,  it  is  usual  to  stain  a  tissue  with  niti'ate 
of  silver ;  for  exhibiting  their  distribution  they  may  be  injected  by  stickino' 
the  nozzle  of  a  very  fine  injecting  cannula  into  any  tissue  which  contains 
them,  and  forcing  coloured  fluid  under  gentle  pressure  into  the  interstices 
of  the  tissue. 

In  silver  preparations  it  may  be  observed  that  the  lymphatics  always 
appear  in  the  form  of  clear  channels  in  the  stained  ground-substance  of  the 
connective  tissue,  and  that  their  walls  are  in  close  connexion  with  the  cells 
and  cell-spaces  of  that  tissue   (fig.   320).     But  except  in  the  case  of  the 
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serous  iiieiiibrHiU's,  ikj  (jpeii  (.■(uniiiuiiii.-atiiiii  is  obseivable  Ijctweeii  tlie 
lymphatic  vessels  and  the  interstices  of  the  connective  tissue,  although  from 
the  readiness  with  which  thev  can  be  injected  from  the  latter  there  must 
be  a  ready  means  of  ]iassa^c  of  the  intei-stitial  lyiujih  into  tlie  commencing' 
lvin|ihatics. 

Development,     ^riic    lyiiii))iatic    vessels    were    dcscribucl    liy   Klein,   and   more 


l''i(:.  320.— ( iKiciN'  nr  jajMI'JI-n'essej.s  in  iiinnectivio  Tissii'.,  sni>\\.\    r.\  tiik 

SITKATK    or   SILVKK    SIKTIKID.       (v.    Rccklillgliauscll. ) 
".  I  wii]tli;il.ic  \  t.:ssi.'l  passijiy  au'a\  from  the  )>lexus  nf  uri^iii  d  ;  /).  coutk'ts  nf  the  ple.Mis,  (/omieetfii  uitli 
cells  ut  the  siinuutidiiii;  coiinecti\e  tissue  (seen  as  wliite  eell-siiai-es  in  Lhe  brown  i,'round-sul)Stanee). 

rci-cntly  by  Rettercr,  as  bciiio;  di'velopud  from  lidUowcd-oiit  cells  in  the  same 
iiiamicr  as  the  blood-vessels,  and  by  (liiUand  as  beconLing  formed  at  the  periphery 
as  clefts  in  the  ciinne(.-ti\'i!  tissue,  wdiicli  later  bjr)u  a  connexion  with  the  venous 
system.  But  the  iji\estiga.tions  of  liaiivicr,  recently  rontiruLed  by  Miss  Sabiii, 
L/Cwis,  and  (itliers,  have  shown  that  the  lymphatic  tiimks  grow-  nut  at  certain 
places  from  the  \'enous  .system,  and  gradually  spread  fnau  these  sjji.its  to  all  parts 
of  the  endiryo. 

SEROUS    ME.MBCANES. 

The  serous  membranes,  which  may  be  conveniently  studied  in  connexion 
with   the   lymphatic    system,   are    delicate    membranes   of  connective   tissue 


SHROCS   JfEMJlKAXhS 
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which  suirouud  and  lino  the  iiitenial   cavities  of  the  l)udy,  and  are  retlected 
over  many  of  tlie  thuracic  and  alidoniinal   visceiu  ;  in  passing  to  these  they 


l'"l(.'.     321. L\'MI'l[ATrC    PLJiXeS    O*'    CENTKAI.    TEMKIN    UV    DTAPllJtACM    OE 

RABBIT,    PLEUKAr>    SIDE.       (Kleill.) 

a,  laixt^r  \essfi^  witli  iainjeolate  i.-ell.s  and  niiinuiiMis  \al\rs  ;  /),  f,  l>  itiph-capillaries  with 
^\■a\  \ -Ijorderefl  '■(-ll^.     The  cell-s^pace^  of'  tlie  coniie''li\  c  ii^suf  aix-  nrii  reprtseritc'l  in  tlli!^  li^-nrr. 


form  folds  (such  as  the  mesentei-y),   within    which   lil(]od-\essels,  Ivmjiliatics, 
and  nerves  are  conducted  to  the  viscera. 

The  inner  surface  is  lined  by  a  continuous  layer  of  ■paveini"iit-epilln;liuni 
{endothelium)  (fig.  322j,  which  is  very  distinct  in  nitrate  of  silver  preparS' 
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tiims.  This  cmlotlieliiim  liaw  a  special  stnictiue  in  the  form  of  a  ^  ei-tically 
striated  free  liorder  (see  p.  67).  The  cells  are  connected  by  intercellular 
bridges  (fig.  3::!.3).  In  some  i)laces  there  are  apertures  in  the  epithelium 
which  lead  directly  into  subjacent  lymphatic  vessels.  These  apertures  are 
call(>d   .^tninntd,    and   are    soinetinies    surrounded    by  special    cells   (fig.    •'324). 


L 


I    / 


Fli:.    .3'22. — SeUUI'S    ENUOTllELirjl    FKOM    ]'EKITON'E.\L    SUKFACE    OF    DI.\PURA(;M. 

NiTllATE    OF    SIEVEK    rKEPARATK  i!y.        (Kleill.) 
rr,  la\i.T;  /),  ^iiiallrr  rells.     Ik^lwcuu  the  lattef  are  seen  small  irreu^ular  sjiaees  (iiseinlo-stoniata;. 

They  are  nuirierous  upon  the  peritoneal  surface  of  the  diajjliragiii,  liut  are 
present  in  most  serous  membranes.  They  arc  nowhere  better  studied  or 
more  easily   seen   than    in    the    peritoneal    membrane    at    the    back    of   the 


FlO.      3'/.3. — ENUOTHEElUM-eEI.LS     OF     SEUOFS      MEJIKHANK      seen      in       FKliFILE     VIEW, 
SHOWINO      rUOTOPljASMIC      lUillHIES      STKETCUIXli      A( 'KOSS     THE      INTEKCEELULAK 

sj'ACES.     (M.  Heidt'iiliaiii.) 


abdominal  ca\  ity  in  the  frog.  This  rjiembranc  lies  between  and  at  the  sides 
of  the  kidneys,  and  serves  to  sejiarate  the  peritoneal  cavity  from  the  large 
lymph-space  just  behind  it.  If  the  membrane  is  prejiared  liy  the  nitrate 
of  silver  method,  both  the  stoinata  and  the  cells  wdiich  bound  them  are 
shown  on  both  sides  of  the  membrane. 

The  pa\ement-epithelium   of  the   serous   membrane  rests  upon  a   homo- 
geneous basement-membrane,  which  is  especially  well  marked  in  the  serous 
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membranes  of  man.  The  rest  of  the  thickness  of  the  membrane  is  competed 
of  connective  tissue,  with  a  network  of  fine  elastic  fibres  near  the  ini  er 
surface  (fig.  325). 


Fig.  324. — Endothelidm  from  the  posterior  part  of  the  frob's  I'Ekitgneum, 
showino  three  stomata  leadin(!  i2jt0  the  cisterna  lymphatic  magna. 
(v.  Ebnei-,  after  Ludwig  and  JSehweigger-Seidel.) 


Fig.  325. — Section  of  pleura 

(J,  endothelium 


.     (Favaro. )     Magnified  270  diameters. 

substance  of  membrane  with  numerous  elastic  fibres  ;  h,  sub-pleural 
layer  ;  I,  l.ymph-vessel. 


Development. — The  serous  cavities  are  originally  foimed  in  the  embryo  as 
a  cleft  in  the  mesoderm  (pleuro-peritoneal  split,  ccelom)  which  becomes  lined 
with  endothelium,  and,  later,  becomes  separated  into  peritoneum,  pleura,  and 
pericardium.  Outside  the  endothelium  the  coelomic  wall  eventually  becomes 
differentiated  into  the  tissues  of  the  serous  menabi'ane. 
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LE8S0X  xxir. 

LYMPH-GLANDS,   SPLEEN,  TONSILS,   THYMUS. 

1.  Sections  of  a  lymph-gland  which  has  been  hardened  in  formol  (or  potassium 
bichromate,  or  chromic  acid  or  picric  acid  followed  by  alcohol)  stained  in 
bulk,  and  embedded  in  paraffin.  Or  the  sections  may  be  stained  with  haema- 
toxylin  and  eosin.  Notice  (1)  the  fibrous  and  muscular  capsule,  with  trabeculse 
extending  inwards  from  it  through  the  cortex  and  anastomosing  with  one  another 
in  the  medulla,  (2)  the  dense  lymphoid  tissue  (adenoid  tissue  of  some  authors) 
forming  large  masses  in  the  coi+ex  (cortical  nodules)  and  i-ounded  cords  in  the 
medulla  (medullary  cords).  Notice  also  the  clearer  channel  or  lymph-sinus  which 
everywhere  intervenes  between  the  fibrous  tissue  and  the  lymphoid  tissue. 
Observe  the  fine  fibres  and  branched  cells  which  bridge  across  this  channel. 

Make  a  general  sketch  under  a  low  power  of  a  portion  of  the  cortex  together 
with  the  adjoining  part  of  the  medulla,  and  under  a  high  power  drawings  of  small 
portions  of  cortex  and  medulla. 

The  retiform  tissue  of  the  lymph-glands  has  already  been  studied  (pp.  88  to  90). 

2.  Sections  of  a  hsemal  lymph-gland.  These  may  be  readily  found  in  the  neck 
of  the  ox,  in  the  neighbourhood  of  the  large  blood-vessels.  Stain  with  eosin  and 
hsematoxylin  or  with  eosin  and  methylene  blue.  Notice  that  the  channels  around 
the  lymphoid  nodules  (or  some  of  them)  contain  blood  instead  of  lymph. 

3.  Sections  of  the  spleen  hardened  in  Miiller's  fluid  or  formol  and  stained  with 
hasmatoxylin  and  eosin.  Notice  the  trabeculae  extending  into  the  substance  of  the 
organ  from  the  capside.  Notice  also  that  the  glandiiJai'  sub.stance  is  of  two  kinds, 
(1)  lymphoid  tissue  accumulated  around  the  small  arteries  and  here  and  there 
massed  to  form  lymphoid  nodules — the  Malpighian  corpuscles — and  (2)  a  tissue — 
the  red  pulp — consisting  of  a  reticulum  of  fibrils  and  Ijranching  cells  :  this  tissue 
contains  blood  in  its  interstices. 

Sketch  part  of  a  section  under  a  low  power  and  a  small  portion  of  the  pulp 
under  a  high  power. 

4.  In  sections  of  tonsil  prepared  similarly  to  those  of  the  lymph-gland,  notice 
the  large  amount  of  lymphoid  tissue,  partly  collected  into  nodules.  Observe  also 
that  the  stratified  epithelium,  wTiich  covers  the  mucous  membrane  here  as  elsewhere 
in  the  mouth,  is  infiltrated  with  lymph-corpuscles.  The  tonsil  is  beset  with' pit- 
like recesses,  with  mucus-secreting  glands  opening  into  the  pits. 

').  Lymphoid  nodules  of  mucous  membranes.  In  other  mucous  membranes 
besides  that  of  the  back  of  the  mouth  and  pharynx,  collections  of  lymphoid  tissue 
occur  which  resemble  those  of  the  tonsils  ;  such  nodules  form  the  solitary  glands 
of  the  stomach  and  intestines  and  the  agminated  glands  of  the  small  intestine, 
and  are  also  found  in  the  trachea  and  brDuchial  tubes  and  in  the  resophagus. 
They  will  be  studied  later  in  sections  of  those  parts. 

6.  Sections  of  the  thymus  gland  of  an  infant  or  young  animal.  Notice  that 
the  masses  of  lymphoid  (?)  tissue  which  form  the  lobules  of  the  gland  are  separated 
by  septa  of  connective  tissue,  and  that  the  lobules  show  a  distinction  into  two 
parts,  cortical  and  medullary.  There  are  no  lymph-paths  within  the  lobules. 
Observe  the  differences  of  structure  of  the  cortex  and  medulla,  and  especially 
notice  the  concentric  corpuscles  in  the  medullary  part. 

Make  a  sketch  of  one  of  the  lobules  under  a  low  power  and  of  a  small  part  of 
the  medulla  under  a  high  power,  including  one  or  two  concentric  corpuscles. 
Measure  the  latter. 
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LYMPH-GLANDS. 

Structure  of  a  lymph-gland. — A  lymph-gland  (lymphatic  gland)  is  com- 
posed of  a  framework  of  fibrous  and  plain  muscular  tissue,  which  encloses 
and  supports  the  proper  glandular  substance,  but  is  everywhere  separated 
from  it  by  a  sinus-like  channel,  bridged  across  by  cells  and  fibres,  which  is 
known  as  the  lymph-channel.  The  framework  consists  of  an  envelope  or 
capsule  (fig.  326,  c),  and  of  trabeculm  {tr),  which  pass  at  intervals  inwards 
from  the  capsule,  and  after  traversing  the  cortex  of  the  gland,  divide  and 
reunite  with  one  another  to  form  a  network  of  fibrous  bands.     At  one  part 


Fig.  326. — Diagrammatic  sbotion  of  lymph-gland.     (Sharpey.) 

a.l,  afferent,  e.l.^  efferent  lymphatics;  C,  cortical  substance;  Jf,  reticulating  cords  of  medullary 
iubstance  ;  l.h.,  lymphoid  tissue  ;  l.s,,  lymph-sinus ;  c,  capsule  sending;  trabeculje,  tr,  into  the 
substance  of  the  gland. 


of  the  gland  there  is  usually  a  depression  (hilus),  and  at  the  bottom  of  this 
the  medulla  comes  to  the  surface  and  its  fibrous  bands  are  directly  continuous 
with  the  capsule. 

The  proper  glandular  substance  (l.h.)  is  composed  of  lymphoid  tissue, 
i.e.  a  fine  reticulum  with  the  meshes  thickly  occupied  by  lymph-corpuscles. 
It  occupies  all  the  interstices  of  the  gland,  forming  comparatively  large 
rounded  masses  in  the  cortex  (lymphoid  nodules,  C),  which  may  be  two  or 
three  deep,  and  smaller  reticulating  cord-like  masses  (lymphoid  cords,  M) 
in  the  medulla. 

The  lymph-channel  is  bridged  across  by  fibres  derived  from  the  capsule 
and  trabeculse,    which   pass   to   the   lymphoid   tissue   and    merge   into   its 
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reticulum  (figs.  327,  328).  But  the  fibres  are  often  largely  concealed  by 
branching  cells,  which  were  indeed  at  one  time  thought  to  constitute  the 
reticulum.  In  some  animals  {e.g.  ox)  these  cells  contain  pigment,  giving  the 
medulla  a  dark  colour.  Occasionally  they  contain  disintegrating  erythrocytes 
or  reddish  granules  derived  from  the  disintegration :  and  they  are  also  apt 
to  take  in  foreign  particles  which  have  become  absorbed  into  the  lymph  and 
thus  conveyed  to  the  gland.     Thus  it  is  common  for  the  lymph-glands  at  the 


Fig.  327. — Section  of  the  medullaey  substance  of  a  lymph-gland. 

Magnified  300  diametei-s.     (Recklinghausen.) 

a,  a,  a,  lymphoid  cords ;  c,  l^inph-sinus  ;  b,  b,  traheculse ;  d,  d,  capillary  blood-vessels. 


root  ot  the  lung  to  contain  carbon  particles  which  have  been  inhaled  in 
the  form  of  soot. 

The  phagocytic  function  of  the  branched  cells  of  the  medulla  is  shared  by 
certain  large  cells  which  are  sometimes  found  lying  loose  in  the  lymph-channel 
and  which  resemble  the  large  phagocytes  found  in  the  pulp  of  the  spleen. 

Giant  cells  with  lohed  nuclei  are  also  occasionally  seen  in  the  lymph-channels. 

The  branched  cells  which  cover  the  reticulum  are  continued  over  the 
trabeculse,  and  at  the  entrance  and  exit  of  the  lymphatics  they  are  continuous 
with  the  endothelium-cells  of  these  vessels.  They  represent  therefore  a 
lymphatic  endothelium  bounding  the  lymph  spaces,  but  like  the  corresponding 
endothelium  of  the  small  veins  of  the  spleen  they  have  become  branched 
and  form  part  of  the  supporting  reticulum  of  the  organ. 
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-  Afferent  lyiiipli-ve.s.sels  (fi,^-.  326,  a.l.)  enter  the  lyinpli-sinuscs  of  tlie 
cortex  after  ramifying  in  the  capsule,  and  tlie  lymph  is  conveyed  slowly 
along  the  channels  of  the  cortical  and  medLdlary  pait  towards  the  liilus, 
taking  up  lymph-corpuscles  in  its  passage.  At  the  hilus  it  is  gathered  up 
by  an  efferent  vessel  or  vessels  («./,)  taking  origin  in  the  lymph-sinuses  of 
the  medulla. 

The  efferent  lymphatics  always  contain  many  more  lymph-corpuscles 
than  those  which  enter  the  gland,  for  lymph-corpuscles  are  constantly  being 
formed  by  karyokinetic  division  of  tlie    pio-e.\isting  cells  in  the  glandular 


Fio,    328. — Section    of    medulla    of    lymph-oland    of    T)ori    showing    reticulak 

TISSUE     IN     THE     LYMl'H-CIIANNEl,     ENTEXDINO    BETWEEN     THE     LYMPHOID     CORDS 

AND  TRABECUL.E.      Magnified  20U  ditinieters.      (From  a  preparation   by   Dr   M. 
Heidenhain. ) 

substance,  especially  in  the  centre  of  each  cortical  nodule  (iji'rm-cenfrc  of 
Flemming) ;  they  gi'adualljr  find  their  way  tlirougli  the  close  reticulum  of 
the  lymphoid  tissue  into  the  Ijmiph-ohannels. 

The  leucocytes  of  the  germ-ceutres  fccipiently  show,  in  seetiims,  ]K*cnliar  darkly 
coloured  bodies — tli(--  stuinahli'  bodies  i>f  Flennuing — the  origin  of  wliich  lias  nut 
been  determined. 

An  artery  passes  into  each  gland  at  the  hilus  ;  its  Ijranches  are  conveved 
at  first  along  the  fibrous  cords,  but  soim  become  suri-ijunded  by  the  l3anplioid 
cords,  where  they  break  up  into  capillaries  (fig.  327,  d).  The  blood  is 
returned  by  small  veins,  which  are  conducted  along  tlic  fibrous  trabecuhe, 
joining  to  form  lai-ge  \'essels  whicli  eventually  emerge  at  the  liihis. 
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Tn  some  lyniph-ulands  the  fibrous  tial>c(.'iil;i'  are  very  slightly  developed 
so  that  the  gland  seems  in  section  to  be  a  mass  of  almost  uniform  lymphoid 
tissue,  pervaded  by  lympli-oliannels  and  with  clearer  rounded  nodules  (germ- 
centres)  scattered  about,  especially  in  the  cortex  (tig.  329).  This  condition 
olitaiiis  with  most  of  the  lymph-glands  of  man  and  some  other  animals.  In 
certain  otlier  animals,  such  as  the  cat,  dog,  and  ox,  the  traliecnte  are  well 
developed,  anil  c(jntain  much  muscular  tissue,  and  the  lymph-channels  are 
c(irrespon(ling]\-  well  marked  oft'. 


Flo.   .329. — Section  of  a  LyMPii-cLAXD  from  tiik  neck  of  ax  etoht  vear 
oLii  CHILD,     (v.  Kbiier. )      -  LS. 

c,  capsiilt' ;  c.n.,  cortic-al  nodules,  some  with  ^erui-centres  ;  /.c,  l>  iiiitliriid  i-oi-d^  of  medulla  (dark) ; 
I. p.,  l.vmph-iiath  (light) :  .v,  cortical  sinus;  f.  trabecnlie  ;  i\  vein  \  /.  efferent  lymph  -  vessels, 
accompanyinfJT  and  partly  surrounding,'-  Itlootl-vessels,  hi. 

Nerve  fibres  pass  to  Ivniph-glands  :  they  appear  to  be  distributed  chiefly 
as  non-medullated  fibres  to  the  plain  muscular  tissue  of  the  Ijlood-vessels 
and  trabecuhe. 

Haemal  lymph-glands. —  In  many  animals  a  certain  inimber  of  lymph- 
glands  are  observable  which  have  a  red  cohiur.  Some  of  these  on  section 
show  that  what  corresponds  to  the  peripheral  lymph-channel  in  ordinary 
lymph-glands  is  in  them  occupied  by  blood.  Others  have  the  greater  part 
of  the  interior  occupied  by  large  sinuses  filled  with  blood  ;  while  other  parts 
show  the  ordinary  structure  of  a  Ij'mph-gland.  The  names  Jio-mal  glandu 
and  h(Kmal  lymph-iilandu  (liobertson)  have  been  given  respectively  to  these 
structures.     The  blood  passes  intii  the  sinuses  from  arterial  capillaries,  which 
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F,r    330  -Skott.n  ok  a  b.iomal  T,VMr.H-,iLAN,..     A,  magnificl  .V.  diameters;  73. 

magnitii-d  350  diameters. 
.  capsule  with  plain  n>.scle.«|.res    <^,^ne  tra,,e»,.^«»..n^i;;  £^ 
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appear,  as  in  tho  spleen,  to  open  into  the  tissue  interstices,  from  wliicli  at 
othei-  parts  small  veins  arise  in  like  manner.  Like  the  spleen  these  hfemal 
glands  show  numerous  large  phagocytes  which  contain  red  hlood-corpuscles 
in  various  stages  of  transformation  into  pigment. 

Some  hiemal  glands  are  said  to  have  no  lyinpli-channels,  but  to  be 
purely  blood-glands:  in  that  case  they  may  be  considered  to  represent 
accessory  spleens. 

Ordinarv  Ivuiiili-glands  are  confined  tn  iiianniiids,  Imt  Vincent  and  Han  isoii 
luire  found  hieuial  Ij-inph-glands  in  birds. 


^. 


Fio.  331. — Section  of  splken,  somewhat  magnified,     (d.  Mann.) 

The  section  was  stained,  and  tlie  Jlaljiiyhian  coi'iiuscles  therefore  appear  darker  than  the  pull'. 
The  \enons  sinuses  show  as  clear  spaces.     The  larj^er  \eins  are  contained  in  tlie  tralieculio. 


THE    Sl'LEEN. 

The  spleen  is  the  largest  of  the  so-called  ductless  glands.  It  appears 
to  be  fiinctioiudly  connected  with  the  blood,  white  blood-corpuscles  being 
formed  and  coloured  blood-c(jrpuscles  being  submitted  to  destruction  within  it. 

Like  the  lymph-glands,  the  spleen  is  invested  with  a  fibrous  and 
niuscukir  ciqjKule  (fig.  332),  which  is,  however,  stronger  and  has  far  more 
jilaiii  muscular  tissue  ;  outside  the  capsule  is  a  covering  derived  from  the 
peritoneum.  The  capsule  sends  bands  of  trabecuhc  into  the  organ,  and 
these  join  with  a  network  of  similar  trabecida-  which  piass  into  the 
gland  at  the  hilus  along  with  the  blood-vessels.  Li  the  interstices  of  the 
framework   thus  constituted  lies  a   soft  pulpy  substance  containing  a  large 
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aiuouut  of  Ijlood,  and  therefore  of  a  deep  red  colour,  dotted  within  which 
are  here  and  there  to  be  seen  small  round  liodies,  whiter  than  the  pulp  in 
the  fresh  organ  but  darker  in  stained  sections,  the  Maljiiyhian  corptixde!^ 
of  the  spleen.  These  are  composed  of  l\-mpiioid  tissue  which  is  gathered 
up  into  masses  wdiich  envelop  the  smaller  arteries,  whilst  the  red  pulp 
wliich  everywhere  surrounds  them  and  which  forms  the  bulk  of  the  organ 
is  composed  (Carlier)  of  a  close  network  of  connective-tissue  fibrils  (fig.  33.3), 
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i'li:.    ?>?>!. \'l':jiTICAl.    SECT[(I.\     OF    \     I'OllTKI.N     111'"    TUJi    MOiMiJiv's    Srjjl'JKiV, 

.VS    SEEN    WITU    .V    LOW    I'UWER. 

I'art  of  llic  caityuk',  two  trjilicuukt;  and  two  Malpi;,Hiiaii  L'Oi'|iu^cles  arc  represented. 

partly  covered  by  fiattencd  and  branched  cells  (figs.  334,  33-5).  Passing 
into  the  pidp  and  communicating  with  its  interstices  are  capillar\'  blood- 
vessels which  are  connected  with  the  terminations  of  the  arteries  ;  whilst 
in  other  parts  venous  channels — characterised  in  the  human  spleen  by  an 
encirclement  of  reticulum  fibres  (fig.  335),  and  by  the  presence  of  a  layer  of 
highly  characteristic,  comparatively  thick  and  prominent  endothelium-cells — 
cour.se  through  the  pulp  and  bring  the  blood  which  has  passed  into  its 
interstices  from  the  arterial  capillaries  towards  the  larger  \'eins  of  the 
organ,  which  run  in  the  trabecuUe  and  are  by  them  conducted  to  the  hilus. 
The  arteries,   which   are   als(.i  at   first   conducted   from   the  hilus  along  the 


THE   ESSENTIALS    OE  HISTOLOGY 


V\''..   .'-(33. — Reticulum  of  si'LELX,  Gului  i\iKTiiui>.     Low  puwer.     {Uppt-].) 

((    Maliii;,'-hi;ui  eui'imscle  ;  b,  part  of  its  reticulum  ;  c,  coudeiibtd  veticuluui  at  its  tuaryiit ;  il,  more 
'ipeii    ti.'-s^iie    iiL'xt   to    this;    c,    wall    of    arteriole;    f,    eapillaries    of    Malpig'liiaii    forimsele ; 

;/,  reticulum  of  urterioiu  exparidiiiy  into  that  af  the  JIalpiyliiau  eoi'imselc. 
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Fic.    :-i34.  — S.\jALL  \EiiNS  111'  si"j,i;k.n-i'ui.I'   with   KETKTTI.AR  TlSSl-K  :    lir.MAN. 
High  power.     (H(jyei-. ) 

Till'  M'iiis,  uliirh  all-  iinrstud  l.y  riic-ircliii|,'  I'llurs,  show  tran-  in  tliclr  Halls  wliul'fljj  Uiiv 
coiiiiiiutiicatt'  wiH)  till'  inters) i(;fs  uf  IIk'  li'ill'. 
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trabeciilaj  into  tliu  intciidi'  of  tlu^  (jrgaii,  presently  leave  tlie  trabecuhe,  and 
their  external  I'oat  becomes  grackially  con\erte(l  into  a  thiek  sbeatli  of 
lymphoid  tissue  which  in\  ests  them  in  the  remainder  (jf  their  course,  and 
in  places  becomes  swollen  into  the  Malpigliiaii  coi-puscles  already  menti(jned. 


m^'' 


'!U' 


f,'-  ,1:1-  \:  ^-&. 


YiV..  y,'j5.--\'liM>l  S  SINCSES  iih  SrLKK.X-l'Ul.r  (SKIiNKEY),  SHIlWiNC  Till;  Ji^Cn:^l,lM: 
FII'.KES  l>  TIlJilR  WALLS  WHICH  AKIO  IIE1;I\"ED  rK(  HI  CKLI.S  IJF  THE  KKTKJC  LP  M 
AMI  AUK  AI"I'ACIIE11  To  LnNi :  ITC  I II  \  V  L  FIIIKIJS  WHICH  I'.ELIINC  TO  THE  EMili- 
TIIELir.M    liF    Tin:    SINITSES.        (S.     Mdlliuj'.)        Kigll  [leWUl'. 


Tlie  small  arteries  flistributo  a  few  capillaries  to  the  Malpighian  cdrpiiscles, 
and  then  break  up  into  pi_>iicils  nf  capillary  vessels  \\liicli  open  intu  the 
interstices  of  the  pulp. 

The  Malpighian  corpuscles  frcijucntK'  but  not  always  show  a  clearer 
central  nodule  or  (/erm-cniiln:,  characterised  by  tlie  presence  of  numerous 
karyokinetic  figures  ;  and  the  ''stainable  bodies  "  of  Flemming,  \\liich  have 
been  noticed  under  lymph-glands,  are  also  seen  in  them. 
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The  spec-ial  ccllulai-  elementK  of  the  spleen-pulp  are  of  three  kinds,  viz,, 
(1)  large,  ainiebuid  phagocytic  splenic  cells  (fig.  336),  (2)  giaat  cells  (fig.  337), 
(3)  branched  retiruliuu-cells  which  assist  in  forming  the  sponge-work  (fig. 
336).  In  addition  to  these  the  pulp  contains  all  the  corpu.scular  elements 
of  blood.  The  }]hagoc3dic  cells  are  frequently  found  to  contain  coloured 
blood-corpuscles  in  tlieir  interior  in  various  stages  of  transformation  into 
pigment.     These  cells  occur  both  in   the  interstices  of  the  pulp  and  in  the 
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Fjc.   3S(J. — TiirN   SECTION   or  BrLKKN-i'Lii^r  of  (JHIld,    iii:ihja'   .m.\onifiei>,   showing 

TMK     Al'l'AKENT     MODE    OF     OKRUN     OF     A     SMALL     VEIN     IN     THE     1,\T£KSTIC1';S     1>F 

THE   I'ULi'.     Magnified  400  diameters. 

a,  blood  ill  pulp  ;  a\  blood  in  vein  ;  h,  iilia;^^oc,\  te  in  \oin  ;  c,  braucbc-d  uell  of  pulji ; 
d,  pbaj^'ocytic  spleniL-  t.X'11. 

venous  sinuses  and  \x'ins,  where  they  are  often  full  of  erythrocytes 
(fig.  330).  The  giant  cells  are  most  frequent  in  young  animals.  The 
branched  cells  cjf  the  sponge-work  are  probably  of  the  same  nature  as  the 
endothelium-cells  of  the  terminal  capillaries  and  veins  of  the  pulp.  They 
ai'e  connected  by  Ijranclies  with  cjno  another  and  with  the  endothelial-celis 
of  the  vessels.  The  phag(jcytic  spleen-cells  are  perhaps  budded  oft'  from 
them. 

Nucleated  coloured  corpuscles  are  found  in  the  embryo,  and  occasionally, 
jifter  birth,  in  the  spleen-pulp.  The  Ijlood  of  the  splenic  vein  is  very  rich 
in  leucocytes. 
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The  lymphatics  of  the  spleen  run  partly  in  tlie  trabeculaj  and  capsule, 
and  partly  in  the  lymphoid  tissue  ensheathing  the  arteries.  They  join  to 
form  larger  vessels  which  emerge  together  at  the  hilus.  There  are  no 
lymphatics  in  the  spleen-pulp  itself. 

The  nerves,  which  are  numerous  and  mostly  non-medullated,  are  dis- 
tributed to  the  muscular  tissue  of  the  arteries  and  to  that  in  the  capsule 
and  trabeculfe. 

Mall  finds  the  distribution  of  the  trabeculae  and  of  the  blood-ve,sseIs  within  the 
spleen  to  indicate  a  differentiation  of  the  pulp  into  divisions  (spleen  lobules)  each 
of  which  has  its  own  arteriole  and  venule,  and  in  which  the  pulp  is  arranged  in 
columns  or  cords  surrounded  by  venous  spaces.  It  must,  however,  be  understood 
that  there  is  nothing  of  the  nature;  of  partitions .  separating  suuli  lobules  ;  to  all 
appearance  the  pulp  is  in  continuity  throughout  the  organ. 


FlC.    .'5.37. — A    GIANT    Ciil.I.  FROM  THE  SPLKEN 

OF  A  KITTEN.     Magnified  400  diameters. 


THE   TONSILS   AND   OTHER   LYMPHOID   STRUCTURES. 

The  tonsils  are  tvyo  masses  of  lymphoid  tissue  placed  one  on  each  side 
of  the  pharynx,  into  which  they  project.  They  are  covered  on  the  free 
surface  with  the  stratified  epithelium  of  the  mucous  membrane,  and  this 
surface  is  pitted  with  apertures  which  lead  into  recesses  or  crypts  in  the 
substance  of  the  organ  (fig.  338).  The.se  recesses  are  all  lined  by  a  prolonga- 
tion of  the  stratified  epithelium  of  the  surface  and  into  them  the  ducts  of 
numerous  small  mucous  glands  open.  The  tonsils  are  composed  of  lymphoid 
tissue,  which,  besides  being  diffused  over  the  whole  organ,  is  at  intervals 
aggregated  into  nodules,  in  which  the  lymph-cells  are  more  closely  arranged 
than  Elsewhere.  In  the  clear  centre  (germ-centre)  of  these  nodules  active 
multiplication  of  the  lymph-cells  occurs  and  is,  in  fact,  the  cause  of  the 
formation  of  such  nodules ;  as  in  the  other  organs  (spleen,  lymph-glands)  in 
which  lymphoid  tissue  occurs.  Even  the  epithelium  which  covers  the 
16 
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tonsils  is  infilti-ateil  witli  lymplvcoriniscles  (tij,'S.  3.'iS,  -'iS'J),  niaiij'  of  wliicli 
wander  out  on  to  the  free  surface,  and  Ijeeome  mingled  witli  the  saliva  as 
salivaiy  corpuscles. 

The  lymphoid  tissue  of  the  tonsils  has  numerous  blood-vessels  ;  it  also 
contains  lymphatic  vessels. 

The  mucous  mejnbrane  of  the  neighbouring  part  of  the  pharynx,  that  of 
the  back  of  the  tongue,  and  that  of  the  upper  part  of  the  pharynx,  near  the 
orifices  of  the  Eustachian  tabes  and  behind  the  posterior  nares,  shows  crypts 


Vu;.  33s. — SiXTION  (IF  tonsiIj  :    hcman.      Maguifieil  fiO  clianu'tcrs.      (riioUij^raphed 
friim  a  pieparation  by  Prof.  M.  Hcitleiiliain.) 

ft,  a.  nodules  or  t,^erni-(.'eiltl"es  ;  &,  a  recess  lined  liy  stratified  epithelinni  wliich  is  permeated  1)>- 
leii'-oeytes,     ( tpposite  b,  a  mass  of  leiieoc}  tes  which  ha\e  esca]>ed  iiitfi  tlic  cavity  of  the  rer-ess. 


and  masses  of  lymphoiil  or  adenoid  tissue  similar  in  structure  to  those  of 
the  tonsils. 

L3'mphoid  tissue  occurs  in  man_y  other  parts  of  the  bodv  in  addition  to 
the  lymph-glands  and  tonsils,  although  it  may  not,  as  in  these  structures, 
constitute  the  bulk  of  the  organ.  Thus  it  is  found  in  many  mucous 
membranes,  such  as  those  of  the  alimentary  and  the  respiratory  tracts,  both 
in  a  diffuse  form  and  also  collected  into  nodular  masses  which  are  like  the 
cortical  nodules  of  a  lymph-gland,  and  may,  like  these,  be  partially  sur- 
rounded by  a  lymph-sinus.  In  the  intestine  such  nodules  constitute  the 
so-called   snlitrn-y  i/Iands  and   Peij/r's  jui/c/ip.s.      In  the  vermiform  appendix 
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tilt!  mucdiis  ineinliraiio  is  thickly  besc^t  witli  sucli  iiiidiilrs.  The  lyiiiphatics 
form  plexuses  of  sinus-like  vessels  which  to  :i  laige  extent  eiichjse  the  nodules 
(fig.  340).  In  the  spleen,  us  we  ha^e  seen,  a  large  amount  of  lymphoiii 
tissue  is  found  ensheathing  the  smaller  ;irteries,   expanded   here  and   there 


Fli:.     .'iSri. — P.M-;T    of    a    SF.CTKJN    of    RliiBlT's    TdNSTIj    SfUIWlM;     rXFIl.TI;  \TI"\     (IF 

riiK  BFiTiiFi.rrM    i;y  i.Einni  ^tks.      I'linh.niaph.      Moilciali'ly  iiia^iiiHrd. 


m  q 


Fill.   mo. — Lviiii'iiATi(;s  OF  A  Peyf;r's  patch,   in,iectkd  wttii   sii.vfu 
MTKATK.     (KTilliker.)     Magnified  85  diameters. 


f,  n  l\iiiiilK)i(l  niHliili-  'IV  fiillir-]f  ;  ,/'.  ils  liiise,  restiii;^-  iii>on  tlie  amscnla 
I,  iyni|ih-\cssL'N  ;  v,  siiins-likc  ii)lar;^a^nifiit  df  lynt()li-\  c-ssel  sii 


ar,   Hi  :  .sm,  snlitii 
in.liiiii-  fnllirlc. 


into  the  nodular  masses  known  as  Malpighian  corpuscles.  Lymphoid  tissue 
also  fjcours  in  considerable  amount  in  the  serous  membranes,  especially  in 
young  animals  ;  in  the  adult  it  is  here  largely  replaced  by  adipose  tissue. 

Development  of  lymphoid  tissue. — Ijyinpli-glaiids  arc  (li'\  eloped  in  eoiinexiou 
with  plexuses  of  lyniph-vessels,  an  accumulation  of  retifonii  tissue  and  lyiupli-cells 
taking  place  either  external  to  and  around  the  lyin])liatics  ( perilymphatic  forma- 
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tion)  ;  iir  s(]iiie  of  the  ijiupbatics  are  dilated  into  a  sinus  oi-  sinuses  and  the 
formatio)]  of  the  l3'ui]jh(.iid  tissue  ocuiirs  within  it  (endolympliatic  formation) 
(fig.  341,  A  and  B).  When  tlieie  is  a  development  of  lymphoid  tissue  outside  the 
lymphatic  vessels  this  may  foiiii  a  eonsideiuble  accunnilation  Ijefoie  the  formation 
of  lymph-paths  a]jpears  within  the  tissue.  Blood-vessels  are  early  developed 
amongst  the  lymphatic  plexuses,  and  by  these,  according  to  (iulland,  the  first 
lyniph-coipu.scles  of  the  lymphoid  ti.ssue  are  brought  to  the  gland. 

The  marginal  sinus  is  produced  Ijy  the  fusion  of  a  number  of  lymph-vessels 
which  surround  the  commencing  accumulation  of  lymphoid  tissue,  while  in  the 
situation  of  the  future  hilus  other  lymph-vessels  grow  into  the  glandulai-  substance 
and  form  channels  which  subdivide  it  up  into  colds  and  nodules  (Kling).  The 
branched  cells  of  the  lymph-])ath  are  derived  from  the  lymphatic  endothelium. 

The  axillarv  glands  wcie  found  b\-  Stiles  to  increase  in  niimber  and  size  during 


'.M\.  —  Devkliuts 


lA'MrHOID    NOUT'LES    FROiM    THE    (!riNE.\- rlli 

OMENTUM.      (Klein.) 


A,  perilyniptlatic  nodule  ;  a,  lymphatic:  r,  its  endotliclinni  ;  /',  lymph-corpuscles;  h,  accumulation 
of  lymphftid  tissue  on  one  side  of  it ;  d,  blood-capillaries  within  this, 

D,  endolymphatic  nodule  consistin*,^  of  an  enlarj^ed  lymphatic  vessel,  d,  within  which  is  a  capillary 
network,  c,  -',  an  artery,  b,  and  a  vein,  a ;  e,  lymphoid  tissue  within  the  lymphatic,  it's 
branched  cells  lieintj  joined  to  and  derived  from  the  lymphatic  endotlielium,/. 

lactation,  diminishing  again  after  lactation  has  ceased.  In  the  developing  ton.sils 
Uulland  occasionally  found  nests  of  epithelial  cells  detached  from  the  surface 
epitheliuiu,  somewhat  like  those  found  permanently  in  the  thymus. 


THYiMUS. 

The  thymus  gland  is  an  organ  which  normally  in  man  is  found  in  a 
fully  developed  condition  only  in  the  fcetus  and  infant.  It  is  composed  of 
a  number  of  lobules  (fig.  342)  varying  in  size,  separated  from  one  another 
by  septa  of  connective  tissue,  along  w^hich  the  blood-vessels  pass  to  and 
from  the  lobules.  Each  lobule  shows  plainly,  when  examined  with  a 
low  power,  a  distinction  into  an  outer  cortical  and  an  inner  medullary 
portion.  The  cortical  part  of  the  lobule  is  imperfectly  divided  into  nodules 
by  trabecule  of  connective  tissue.  It  is  superficially  similar  in  structure  to 
the  lymphoid  tissue  of  the  lymph-glands  and   tonsils,  with   which    it   also 
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agrees  in  exhibiting  numerous  indications  of  indirect  cell  division,  but 
without  definite  germ-centres.  Besides  lymph-corpuscles  it  contains  a 
number  of  peculiar  granular  cells.     The  medulla  is  more  open  in  its  texture, 


Fii;.  .34'2.— .Section'  of  vxwt  ok  j.hhuj.k  of  thymus  (if  ciiili).     I'lKjlcigraph 

iltiHiiitied  60  diameters. 

'",  cortex  ;  i/(,  medulla  ;  h,  b.  hlood-ves^^els  in  uotiiiGeti\  e-tissue  trabeeuhe. 


Fic.  343. — Mkuulla  of  thymus  of  a  <'un^r).     Photograpli.      Magnified  .30(1  diameters. 

The  small  darkly  staiTied  cells  aL'e  lymplioc-yteH.     The  section  includes  two  concentric 
cnrimsr-les  and  some  hlood-\'essels  full  of  cor))nsi-lcs. 


-jw-m 
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and  its  reticulum  is  formed  by  large,  transparent,  branched  cells  (fig.  344), 
which  are  sometimes  massed  together  and  then  resemble  epithelium-cells. 
The  medulla  contains  fewer  lymph-corpuscles  than  the  cortex  and  has  a 
clearer  aspect.  Connective-tissue  fibres  are  not  wholly  absent  from  it. 
Within  the  medulla,  but  not  in  the  cortex,  are  found  peculiar  concentrically 
striated  bodies  (the  concentric  corpuscles  of  Ilassal,  figs.  343,  34.5),  which 
are  "  nests ''  of  flattened  epithelial  cells  arranged  concentrically  around  one 
or  more  central  cells,  which  have  often  undergone  a  degenerative  process. 
Sometimes    these    corpuscles    are   compound,    two    or    three    being  grouped 


■M 


Vir..    'Mi. — Section   ok   mei>itjj.a  iik  thymfs,  sHuwiN(i  bkanciied  cej.ls  muMiNd  a 

KETICULUM     WITH      A      (:JiK']■AI^■     NLjMBEK     OF     LYJIPHOID     CELLS     IN      ITS     lIESIiES. 

(Hamiuar. ) 


together  and  similarly  enclosed  by  flattened  cells.  They  represent  part  of 
the  remains  of  an  epithelial  tube,  which  forms  the  thymus  rudiment  of  the 
early  embryo  and  is  dei'ived  from  certain  of  the  branchial  clefts.  According 
to  the  observations  of  Hamiiiai'  the  reticulum  of  the  gland  is  also  derived 
from  this  epithelium  ;  Stohi-  believed  the  apparent  lymphoid  cells  of  the 
gland  to  have  a  similar  origin,  but  there  are  go<jd  reasons  for  thinking 
that  this  is  not  the  case. 

Nucleated  red  blood-corpuscles  (er3'throblasts),  similar  to  those  seen  in 
red  marrow,  have  also  been  described  in  the  thvmus  (,).  .Schaft'er),  and 
occasifinally  I'vsts  lined  by  ciliated  epithelium  ari^  found  (fig.  34.5,  c).  Tn 
some  animals  isolated  striated  muscular  i-cljs  are  seen  in  the  medulla.  Multi- 
nucleated giant  cells  have  also  been  found  in  it  (H.  Watney). 

Tlie  lobules,  the  cortex  especialh',  are  abundantly  supplied  with  capillary 
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blood  vessels.  Tn  nuui  Uiu  aiterics  penetrate  to  the  juuetioii  of  cortex  and 
medulla,  and  then  give  oft'  most  of  their  capillai-ies  radiating  outwardly  into 
the  cortical  nodules,  although  some  \essels  pass  inwards  to  supj)ly  the 
medulla.  Veins  pass  away  Ijotli  from  the  surface  of  the  lobules  and  to  a 
less  extent  directly  from  the  medulla.  The  mode  of  distribution  of  the 
lymphatics  has  n(<t  been  definitely  ascertained  ;  none  are  seen  within  the 
lobules.      Nevertheless,   lai-ge    lymphatic   -v-essels,    containing   many   Ivmpho- 


Fi< 


A    ('l.tNCI'^NTRK'    ('(IKI'I  Sri.K    dl'    'I'll't^irS    \ 

.Mi.KiixrM:  T-in'i'icrM'^L      (Haiiiniar.) 

.-,  r>  siiKill  I'iluitt'il  cv-t. 


c\'tes,   issue    from    the   interstitial  connective    tissue    of    th<'   oi'gan,    but    in 
what  wa}'  they  are  connected  with  the  lobules  has  not  been  ascertained. 

Tn  the  human  subject  the  thymus  gland  un<lergoes  after  childhood 
a  pi'(jcess  of  retrogression,  its  lobules  ceasing  tij  grow  and  becoming  sur- 
rounded and  concealed  by  a  quantity  of  adipose  tissue  which  develops  in 
the  interstitial  connective  tissue  of  the  gland.  E\entuallv  the  hjbules 
atrophy,  so  that  in  advanced  age  very  little  of  the  gland  reniai)is.  In 
exceptional  cases  this  retrogressive  or  involution  process  does  not  occui-. 
In  these  subjects  there  is  usually  also  a  more  pronounced  development  of 
the  lymplioid  tissue  of  the  body  generally  ;  the  condition  is  denoted  by  the 
expression  sluliis  I i/iiiiiji.al'inia. 
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LESSON   XXIII. 


SUPRARENAL  CAPSULES,  THYROID,   PARA- 
THYROIDS,  PITUITARY,  AND   PINEAL. 

1.  Sections  across  a  suprarenal  capsule  hardened  in  2  per  cent,  bichromate  of 
.  potassium.  In  sections  not  otherwise  stained,  notice  the  deep  brown  coloration 
of  the  medulla  (action  of  the  chromic  salt).  Other  sections  may  be  stained  with 
eosin  and  hsematoxylin  or  by  the  iron-hsematoxylin  method.  Notice  the  general 
arrangement  and  extent  of  the  cortical  and   medullary  parts  of  the  organ,  and 

make  a  general  sketch  under  a  low  powei'.  After- 
wards sketch  carefully  under  a  high  power  a  gi'oup 
of  cells  fi'om  each  -part  of  the  oi'gau. 

2.  Sections  of  the  thyi'oid  body  stained  with 
eosin  and  htematoxylin.  Notice  the  vesicles  lined 
with  cubical  epithelium  and  filled  with  a  "colloid" 
substance  which  becomes  stained  with  hiematoxylin. 
Sketch  one  or  two  vesicles-.  Measure  seveia.l 
vesicles.   The  sections  should  include  a  jjarathyroid. 

3.  Sections  (antero-posterior)  through  the  pitu- 
itary body.  Notice  the  (epithelial)  anterior  lobe 
separated  by  a  cleft  from  the  (nervous)  posterior 
lobe.  The  anterior  part  of  the  posterior  lobe  is 
also  covered  by  an  epithelial  layer,  amongst  the 
cells  of  which  colloid  matter  may  be  seen.  This 
also  can  be  traced  in  the  tissue  of  the  posterior 
lobe  as  far  as  the  infundibulum  of  the  third 
ventricle. 


FlO.  346. — A  VERTICAL  SECTION 
OF  THE  SUPRARENAL  BODY 
OF  A  FOSTUS,  TWICE  THE 
NATDKAL  SIZE,  SHOWING 
THE  DISTINCTION  BETWEEN 
THE  MEDULLARY  AND  COR- 
TICAL SUBSTANCE.  (A. 
Thomson. ) 

V,  issuing  vein  ;  r,  summit  of  kidney. 


4.  Sections  (antero-posterior)  through  the  pineal 
gland.     This  should  if  possible  be  obtained  from 
a  brain    hardened    ir\,    situ   by   injection   of    the 
blood-vessels  with  10  per  cent,  formol,  after  first 
washing  out  the  contained  blood  with  Ringer's  solution. 


THE  SUPEAEBNAL  CAPSULES. 

The  suprarenal  capsules  (adrenals)  belong  to  the  class  of  bodies  known 
as  ductless  glands,  bitt  they  are  entirely  different  in  structure  and  function 
from  the  spleen  and  lymphatic  glands.  A  section  through  the  fresh  organ 
(fig.  346)  shows  a  cortex  which  is  sti'iated  vertically  to  the  surface,  and  of 
a  yellowish  colour,  and  a  medulla  which  is  soft  and  highly  vascular,  and 
of  a  dark  red  colour.  The  whole  organ  is  invested  by  a  fibrous  capsule 
which  sends  septa  inwards  through  the  cortical  substance  (fig.  347,  a),  sub- 
dividing this  for  the  most  part  into  columnar  groups  of  cells  (zonafasciculata, 
c).  Immediately  underneath  the  capsule,  however,  the  groups  are  more 
rounded,  and  the  cells  tend  to  assume  a  columnar  form  (zona  glomerulosa,  h), 
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whilst    next    to    tlie    medulla    they    have    a    reticular    arrangement    (zona 
reticularis,  <l). 

The  cells  which  form  tlic  cortical  substance  are,  for  the  most  part, 
polyhedral  in  form  ;  each  contains  a  clear  round  nucleus,  and  numerous 
yellowish  lipoid  globules  in  the  protoplasm.  No  arteries  and  veins  penetrate 
between   the   cells,   both   these    vessels    and    the    lympRatics   of   the   cortex 
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Fli:.    .H-l-7. VeKTICAI,    SKCTKIJS    OF    CdUTliX    OF   SUFRAKEXAL    0¥   DOG.       (Bi.lim 

and  V.  l)avid(jff. )     Miiyiiified  about  150  diameters. 

a,  fibrous  caiisulc  ;  li,  zona  i,'lon)fi-ulosa  ;  c,  zona  tasciculaUi  vctioulavis  ;  il,  zo. 


running  in  the  fibrous  septa  between  the  cell  columns,  which  they  surround 
with  a  capillary  network.  In  the  zona  reticularis  the  capillaries  widen  out 
and  occupy  sinusdiko  spaces  between  the  cell  columns  (fig.  3-17,  d).  The 
lymphatics  communicate  with  fine  canalieuli  between  the  cells  of  the  cortex. 
The  cells  of  the  medulla  (figs.  348,  349)  arc  more  irregularly  disposed. 
They  are  supported  by  a  network  of  elastic  fi))rcs.  They  lie  in  very  close 
relation  to  the    large    capillary  bloo(l-.spa.ces    (sinusoids)  which   pervade  the 
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medulla,  and  they  proliabl}'  pour  a  .-jecretiuii  directly  into  the  blood.     Their 
protoplasm  i,s  granular;  in   .some   animals  it   contains  a  brownish   pigment, 
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Fii:.  348. — Pjiotcjgk.vpu  of  seitjcix  m-  si'ri;.vRP,N.\i,  siiowiNc  tiik  m.^rkeh 

liisTifiOTIOJJ   BETWKEiN'  ciiRTiiX   AM)  MEDULLA.      Magnified  40  diameters. 

TliL'  iHt'iiartitiuii  iy  stained  \\itii  Itichroiiiatu  of  iiotaysiuni,  and  tiiL'  t-ells  of  Ihu  iiifdulla  aru  darkly  coloured. 


Kii;.  :!4!l.-  I'lioniciiAi'ii  or  rAirr  nr  'iiii-;  samk  sectkin  .\s  that  siiiiwn  in  ric.  ;S48 
iN(H'Di.N(i  I'DiiTKixs  (ih  THE  ZONA  icE'iTi  TLAKis  A M)  M HDHLi.A.  Magnified  1">0 
diameters. 
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but  in  luaii  the  (hivk-red  colciui-  "t  tliu  uu'ilulla  in  the  fi'eKli  ylaiid  is  (liic  to 
the  blood  contained  in  the  large  sinusoid  spaces  by  which  it  is  [lervaded,  and 
which  recei^'e  the  blood  after  it  has  travei'sed  the  cajiillaiies  of  the  cortex. 
A  few  arterioles  pass  straight  to  the  medulla  through  the  cortex.  One 
large  vein  usually  passes  out  at  the  hilus  in  the  anterior  surface  of  the 
gland.  Investing  the  larger  veins  are  longitudinal  bundles  of  plain  nniscular 
fibres  ;  but  many  of  the  veins  have  only  an  endothelium.  Numerous  nerves, 
after  traversing  the  cortical  substance,  are  distributed  throughout  the 
medulla,  where  they  form  a  close  plexus  provided  here  and  there  with 
ganglion  cells.      The  cells  of  the  medulla  are  characterised  by  staining  brown 
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t"io.   •'i.'JII. — Sectio.n   (ir  i'.ii;.\i;A.\i;i,ioN    fku.m  .\   ^K^^.r,el:.^   eini.e. 
(Zuckerkaiidl.) 

by  chromic  acid  and  its  salts,  provided  the  organ  is  fresh  {chromaphil  or 
i-hroinaffin  reactinn).  A  siuiilar  staining  is  found  to  occur  in  some  of  tJie 
cells  of  small  glandular  bodies  {chrimiaphil  bodies, 'parmjaitglia)  which  occur 
irregularly  at  the  back  of  the  abdomen,  being  especially  frequent  near  the 
lower  end  of  the  aorta  (fig.  •'ioO).  A  certain  number  of  such  cells  are  also 
found  in  sympathetic  ganglia  (Kohn). 

Development.  'I'ln-'  im-dulla  of  tin-  suprarenal  is  (lr\rl(i])ed  from  cells  wliirli 
hecoine  detached  fro]ii  tlic  lauliiiieiits  ..f  tlic  synipatlietic  gan,i;-lia,  and  aio  tlicreforc 
of  ectodermal  origin.     Tiie  riirl,c.\   is  (lc\-elopcd  fronj  nipsodern;. 


I'AKdTin    .\Nli    I'Oi'i'VCEAL    CLANUS. 

These  are   ininide  glan(hdai-  (.irgaiis   without  (hicts,  lying   lespeetn  ely  at 
tlie  bifurcation  of  the  carotid  artery  and  in  front  (if  tlic  aj.ex  of  the  coccyx. 
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KlC.     351. — A    C.H  Ml     or.    Ull.L  BALL    H.IJ^M    TliL    CAKdTIIl    (,L.\M),     I>,)  El  TEL. 

(Scliapoi-. ) 

rf,  arteriole  :  i\  \'eiiules  ;  i-,  ,siniis-like  C'apillar.v  within  nodule  ;  [jl,  j^'rou)!  of  ^^land-cells  :  c,  boundary 
of  nodule  surrounderl  by  lynijih  spaee  ;  (/,  inter-nodular  conneeti\e  tis,sue  of  gland. 


They  are  composed  of  pol3'hedral  cells   (figs.    351   to   35.3),   with  numerous 
blood-cajiillaries    l)etween    them.        In    the    carotid    gland    the    cells    are 

collected  into  spheroidal  clumps,  in  the 
coccygeal  gland  into  irregular  nodules. 
The  blood  vessels  have  a  sinus-like 
cliaracter.  Amongst  the  cells,  at  least 
in  the  carotid  gland,  are  some  which 
stain  dark  brown  with  chromic  acid  like 
those  of  the  medulla  of  the  suprarenal 
capsules. 
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The  thyroid  body  consists  of  a  frame- 
work of  connective  tissue  enclosing  num- 
erous spherical  or  oval  vesicles  (figs.  354, 
35())  which  are  lined  with  cubical  epithe- 
lium-cells :  these  often  contain  granules 
of  a  fatty  character.  The  cavities  of 
the  \esicles  are  usually  occupied  by  a  peculiar  viscid  liquid  (colloid) 
which    is    coagulated    by    alcohol    and    M-hich    then    bec<imes    stained    with 


Fiu.  :i.y2.  —  SioiTiiiN  ijF  r\i;iiTii> 
liLAKD,  HI'JLVN.  Higlilj'  iiiagiiitied. 
(Sohaper.) 
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dyes.  The  colloid  of  the  tli3'roid  is  uiii(|ii('  in  tlii'  fact  that  it  contains 
organically  combined  iodine.  Colloid  lias  been  found  in  the  lymphatics  of 
the  gland,  and  may  soniotiines  be  detecterl  also  in  the  interstices  of  the 
connective  tissue.  The  amount  of  colloid  accumulated  in  the  vesicles  at 
any  one  time  varies  considerably  in  different  individuals  ;  the  cii-cumstances 
which  influence  its  -i-ariations  are  not  understood. 

There  is  frequently  to  bo  founil  in  connexion   with  the   thyroid  a  small 
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Fio.   IWS. — ,SectJ(]N  (If  cocoYiiF.AT,  oL\M).     (Walker.) 
1,  blood-spaces;  2,  epitheliuiii ;  ;i,  i'onrK-cti\e  tissue. 

mass  of  tissue  which  resembles  tlie  thymus  in  structure,  and,  like  it,  contains 
coijcentric  corpuscles. 

The  blood-vessels  of  the  thyroid  are  very  large  and  numerous  in  pro- 
portion to  the  .size  of  the  organ.  The  capillaries  form  close  plexuses  round 
the  vesicles  (fig.  350),  and  even  extend  between  the  lining  epithelium  cells. 

In  endemic  goitre  colloid  accumulates  in  lai  ge  (piautitv  in  the  vesicles  wliich 
become  greatly  enlai-ged  .so  that  the  gland  forms  a  distinct  tumour  :  nevertheless 
there  is  reason  to  l)elieve  that  the  oigan  is  in  an  inactive  conditinn.  In  e.xophtlial- 
mic  goitre  on  the  other  hand,  where  there  is  also  enlargement  of  the  organ,  this  is 
not  accompanied  l)y  accunnilation  of  colloid  in  the  vesicles,  and  these  are  not  much 
enlarged  l^ut  become  irregular  in  shape.  Tu  this  form  of  goitre  the  gland  shuws 
evidence  of  increase  of  activity,  accompanied  by  arterial  dilatation. 

Development. — The  thyroid  is  formed,  like  an  ordinaij  gland,  liy  an  out- 
growth from  the  liuccal  epithelium  ;  later-,  the  connexion  becomes  se\-ered  and  its 
branching  tulinles  are  broken  ii])  into  i.solated  \'csicles. 
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T,i  rl<ise  pi-i.ximitv  t.>  .ir  fiiiliprlded  in   tlie  suhstance  nf  the  thyvcad  are 
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,S,"i4. — Skithin   III'   TiiVKoiii  (IF  I'M'.      Magnified  411(1  (liaiiietLM's. 

■Ih^  are  nreiijije'l  liy  eolinid,  wliiil-i  li^s  |iair]y  shrniik  a\\"a\  fvoni  tlie  epitlielim 
Siaiie  of  rile  '  e-i'le-  are  i-iiT  raiiL^eiiriall>  and  s}io\\  nn]y  small  seetor*. 


always  to  be  fiiuiid  fnur  .small  glandujav 
organs  of  diifcrent  strueture  from  the 
lliyjoid  proper  (figs.  357,  3oS).  These 
liodics  arc  foi'iiied  of  masses  oy  cohnuns  of 
I'pitheliuin-cells,  some  of  which  are  much 
larger  than  tlie  rest  and  are  filled  with 
oxyphil  granules  (Welsh).  Numerous  sinus- 
like hlood-channels  run  hetween  the  columns 
and  come  into  clo.se  relationship  with  the 
cells.  Jicre  and  there  a  ye.sicle  filled 
with  a  material  resemblijig  colloid  may  be 
seen  among.st  the  cells  and  after  remoyal  of 
the    thyroid    it    has    been    stated    that   the 


Fic.    3."i5. — Vessels    of  tuy- 
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Ftc.     350. Two  SECTIDNS  (JF  THYRnin  ANIi   l-ARATTrVIlllIl)  OF  HAT. 

Magnified  50  diamett-r.'s. 


In  one  of  tfie  sections  {A)  the  \esieles  of  tlie  tli.vroirf  are  fifled  with  c 
are  empty  and  the  eiMtheliuni  is  tliiekor. 


icl  ;  in  llie  oilier  (fi)  lhe\ 
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pai-atliyi'oids     undergi)     hj'pei'ti'DpLy,     and     develop     a     vesicular     structure 
like  that  of  the  thyroid,  hut  this  appears  somewhat  doubtful.     In  cases  of 


Fic.   SriT.— Section  nr  i-auatuvkoivi  of  cat.     M;ii,niif)t'il  JflO  diameter.';. 
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Fici.  358.  — Section  or  human  p.veathvroiii.     Magnified  40U  diameters.     (From  a 
preparation  by  Ur  M.  Kiijima.) 

myxiL'dema  in  the  human  subject,  an  affection  characterised  by  atrophy  of  the 
thyroid,  no  such  hyperti'ophy  of  the  parathyroids  takes  place.    The  colloid  in 
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the  vesicles  is,  inoreo\er,  when  it  occurs,  not  of  the  same  clieiiiical  nat\irc  as 
that  in  the  vesicles  of  the  thyi'oid  for  it  contains  no  iodine. 

Development. — The  i)arathyii)i(ls  ail'  (lcvHl(ipc(l,  like  tlie  tliyuuis,  as  ciiithelial 
outgrowths  from  ccrtaiu  lirauchial  clefts  of  tlic  nuibi'vo  :  but  they  uevei'  become 
couverted  into  lyiii))lioid  tissue  and  aie  solid  from  the  lirst.  Tlie\'  lo.se  all 
connexion  with  the  clefts  fi'om  whicli  they  arise,  lint  retain  theii'  e|jith(dial 
.structure,  although  becoming  vasculaiised. 

THE    liTUITAKY    liiiriA'. 

Tlio  pituitary  body  (lii/puplii/nig  cerebri)  is  a  snudl  .solid  mass,  alxiut  the 
size  of  tlie  kei'iud  of  a   nut,  lying  in  the  sella  tni'cica,  and  conncctcil   \\\t\\ 


Fio.   .S."i9.  — Skctton  (ir  p.uis  ,\NTEKioR  OF  piTUiT.iRY,  riFM.\N.     Photograph.     Abignitied 

300  diameters. 
The  l(lor)(I-\-essels  .ire  .^eeii  .is  li,L,^liti'i--lookini,^  channel.^  between  Mie  (litl-kly-staiiied  eell  ;;-rr.ii]i^;. 

the  third  ventricle  by  the  infundiliulum.  It  consists  partly  of  epithelium 
forming  the  par.t  arUeriar  and  pars  intermedia,  partlj'  of  nervous  tissue,  the 
pars  nervosa.  The  epithelium  is  originally  developed  as  a  hollow  protrusion 
of  the  buccal  ei)ithelium.  The  nervous  part  is  developed  in  connexion  with 
another  liollow  outgrcjwth  from  tlie  neural  ectoderm.  The  epithelial  part 
consists  at  an  early  stage  of  a  number  of  tubules,  lined  by  epithelium  and 
united  by  connective  tissue,  Ijut  the  lumen  of  the  tubules  has  liecome 
obliterated  in  the  adult,  and  their  place  is  taken  by  solid  cell-masses. 
Between  the  anterioi-  and  intermediate  parts  there  is  usually  a  cleft  like  space 
containing  glairy  fluid.  Tt  is  ea.sy  to  separate  the  gland  into  two  portions  at 
this  cleft :  the  posterior  portion  is  composed  of  pars  intermedia  and  pars 
nervosa.  An  extension  of  the  pars  intermedia  over  the  tuber  cinereum  which 
is  developed  later  than  the  rest,  is  termed  Tilney  jmrs  fyubiralis. 

The  pars  anterior  is  l)y  far  the  most  vascular  portion  of  the  pituitary. 
Its  capillaries  have  a  sinusdike  character  and  occur  in  large  numbers  amongst 
the  cells  (fig.   359),  many  of  which  are  set  closely  round  the  blood  channels. 
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The  cells  arr  ut'  two  kinds,  eleav  and  granular,  \arviiig  in  relative  amijunt  in 
different  glands ;  the  variations  being  perhaps  i-elated  to  the  functional  con- 
dition of  the  organ.  The  granides  in  the  granular  cells  are  generally 
basiphil,  but  there  are  manv  cells  containing  oxj'phil  granules  and  staining 
with  eosin  :  these  cells  become  much  larger  and  more  numerous  during 
pregnancy.      Occasionally    the    cells    of    the    par.'i   anti^rinr   are    set    round 

a  li  c  d 
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Fii;.  .Slill.  — SECTrcjN  (if  rn'rrTAK'i  or  cat  I'assinm;  thruU(!h 
TiiK  iNTKA-(iLA>DULAR  CLEFT.  Jlagiiified  200  dianietevs. 
(Photographed  from  a  preparation  by  Dr  M.  Kojinia. ) 

a,  pars  anterior  \\ith  mimerous  lar^^e  siiius-like  capillaries  (seen  as  clear  spaces) ;  b,  cleft  ;  c,  pars 
intermedia  showing'  se\eral  \esicles  (these  are  not  always  jiresent) ;  d,  pars  nervosa. 

closed  vesicles  containing  colloid,  but  such  vesicles  are  far  more  common  in 
the  pars  intermedia. 

The  parn  internti'dia  is  less  vascular  than  the  pars  anterior.  Its  cells  which 
are  clear,  without  obvious  granules,  are  not  infrequently  set  round  colloid 
containing  vesicles  scattered  here  and  there  in  its  substance  (fig.  360). 
Above  and  below  the  cleft  which  separates  them  in  the  middle  of  the  gland 
the  junction  between  pars  intermedia  and  pars  anterior  is  not  sharplj^  defined. 
On  the  other  hand  the  pars  intermedia   is   well   marked  off  from  the   pars 
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nervosa,  except  in  certain  places.  At  tliose  places  its  cells  are  continued  into 
the  pars  nervosa,  either  singly  or  in  groups,  and  there  undergo  a  peculiar 
degeneration  resulting  in  the  formation  of  hyaline  or  granular  ''colloid" 
substance,  which  when  formed  passes  through  the  tissue  of  the  pars  nervosa, 
and  is  eventual!}'  set  free  in  the  extension  of  the  third  ventricle  which 
projects  downwards  into  the  neck  of  the  organ  (Herring),  This  colloid  is 
increased  after  thyroidectomj',  but  is  not  identical  with  that  of  the  thyroid, 
for  it  contains  no  organically  combined  iodine  (Simpson  and  Hunter). 

The  pars  nervosa  of   the  pituitary   body,    in    spite    of    its    designation. 
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Fig.  361. — Section  of  pars  nervosa  of  pituitaky  of  cat  near  the  neck  of 
THE  GLAND.     (P.  T.  Herring.) 

a-,  ependyma  cells  lining  an  e.xtension  of  the  infLmdiljulum  into  the  gland  ;  &,  h.yaline  masses  of  colIi)i(l 
within  this  e.xtension  ;  c,  ependyma  fibres  of  pars  nervosa;  rf,  e,  h.'^'aline  and  granular  colloid  passing 
between  these  fibres  towards  the  infundibulum. 

contains  in  the  adult  no  cells  of  distinctlj'  nervous  character,  but  is  mainly 
formed  of  neuroglia  elements  and  of  ejiendj'ma  fibres.  It  has  far  fewer 
blood-vessels  than  the  epithelial  parts,  but  receives  a  certain  number  of 
nerve-fibres  which  arise  from  large  cells  in  the  grey  matter  just  behind 
the  optic  chiasma.  Some  of  these  fibres  penetrate  into  the  glandular 
substance  of  the  pars  intermedia  and  pars  anterior.  Between  its  elements 
the  hyaline  and  granular  masses  of  colloid  are  seen  passing  towards  the 
infundibulum  as  just  noted  (see  fig.  361). 

THE    PINEAL    (ILANH. 

The   pineal   gland   {epiphysis   cerebri)  is   ckAehjijed   as   an   invagination 
from  the  roof  of  the  third  ventricle.     In  the   adult  it  appears  as  a  small 
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)-eddish  body,  rounded  or  conical,  attached  by  a  short  stalk  just  above  the 
entrance  of  the  aqueduct  of  Sylvius  into  the  third  ventricle  and  lying  in 
the  groove  lietween  the  anterior  pair  of  corpora  quadrigemina  (fig.  362).  It 
is  about  half  the  size  of  the  pituitary. 
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Fic;.   .362. — S.vCiiTTAL  section  of  pineal  of  cat.     Magnified  50  diameters. 
(Photographed  from  a  preparation  by  Dr  Kojima. ) 


Fio.   363. — Section   of   fineal  of  new-eorn   child  suowi.Nci   loosely   arranged 

CEI.L-TRABECUL.B    WITH    LABOE    ELOOD-VESSEI.S     BETWEEN     THEM.        The    VeSSels 

are   full   of  hlood-corpuscles  whicli   have  come  out  dark  iu   the  photograph. 
Magnified  400  diameters. 
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The  structure  of  the  pineal  is  best  studied  in  the  young  suliject,  for 
as  age  advances  its  distinctive  cells  become  less  numerous  and  a  number 
of  calcareous  nodules  are  formed  within  it,  known  as  corpora  amylacea  (brain 
sand).  These  are,  however,  not  special  to  the  pineal  but  occur  in  the  pia 
mater  and  its  extensions  in  various  parts  i>i  the  nervous  system. 

The  gland  shows  in  section  masses  or  trabeculse  of  cells  with  large  sinus- 
like blood-vessels  between  them  (fig.  ;563)  :   whilst  neuroglia  cells  and  fibres 


wm^:w^im^'^ 


Fig.  364. — Section  of  ox  pineal  showinc  the  cells  much 
diminished  in  nu.mber  with  much  1ntekcellul.4k 
TISSUE  KESEMiiLiNG  NEUK0I4LIA.  JIagnified  300  diameter.s. 
(Photograplied  from  a  preparatiijn  by  Jlr  E.  Beairl.) 


are  present  in  abundance  in  the  intivibecular  tissue  and  also  between  the 
gland-cells. 

The  cells  are  of  two  kinds.  The  majority  have  oval  nuclei  and  fine  oxyphil 
granules;  in  the  remainder  the  nuclei  are  spherical  and  the  granules  basiphil. 
Cells  with  large  oxyphil  granules  such  as  frequently  occur  in  the  pituitary 
are  not  seen  in  the  pineal,  nor  are  vesicles  containing  colloid  observed. 

After  puberty  the  gland  undergcjes  retrogressive  changes.  These  consist 
chiefly  in  diminution  in  number  of  the  epithelial-cells  and  increase  in  amount 
of  the  supporting  connective  tissue  and  neuroglia  (fig.  .364). 
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LESSONS   XXIV.   AND    XXV. 
THE  SKIN. 

1.  Sections  of  skin  from  the  palmar  surface  of  a  finger.  The  skin  is  hardened 
in  picric  acid  or  formol,  followed  by  alcohol.  The  sections  are  made  vertically  to 
the  surface,  and  should  extend  down  as  far  as  the  subcutaneous  tissue.  Notice  the 
layers  of  the  epidermis  and  their  different  behaviour  to  staining  fluids.  Notice 
also  the  papilte  projecting  from  the  corium  into  the  epidermis  and  look  for  tactile 
corpuscles  within  them.  In  very  thin  parts  of  the  sections  the  fine  intercellular 
channels  in  the  deeper  parts  of  the  epithelium  (see  Lesson  VII.)  may  be  seen  with 
a  high  power.  The  convoluted  tubes  of  the  sweat-glands  are  ^-isible  here  and 
there  in  the  deeper  parts  of  the  corium,  and  in  thick  sections  the  corkscrew-like 
channels  by  which  the  sweat  is  conducted  through  the  epidermis  may  also  be 
observed.     Make  a  sketch  showing  the  general  structure  under  a  low  power,  and 


M   (J     M" 
Fig.  365. — Section  of  skin  of  heel.     (Blaschko. ) 

ep,  epidermis  ;  c,  cutis  vera ;  d,  d,  ducts  of  sweat  inlands :  d',  d',  their  openinjrs  at  the  surface  of 
the  papillary  ridge  ;  J/.  Malpighian  layer  of  epidermis  thickened  opposite  the  papillary  ridf^es, 
where  it  dips  down  into  the  cutis  vera  (at  if',  Jf"),  leaving  prominences  of  the  cutis  between. 


other  sketches  to  exhibit  the  most  important  details  under  a  high  power.     Measure 
the  thickness  of  the  epidermis  and  the  length  of  the  papillae. 

2.  Sections  of  the  skin  of  the  scalp  (a)  vertical  to  the  surface  and  paiullel  to  the 
slope  of  the  hair-follicles,  and  (6)  parallel  to  the  surface,  and  therefore  across 
the  haii'-foUicles.  Stain  and  mount  in  the  same  way  as  in  the  last  prepai'ation. 
Examine  also  the  structure  of  the  hairs. 

In  these  preparations  the  details  of  structui'e  of  the  haii'  and  hair-follicles, 
together  with  the  sebaceous  glands  and  the  little  muscles  of  the  hair-follicles,  are 
to  be  made  out. 

3.  Vertical  sections  of  the  nail  and  nail-bed.  To  cut  such  hard  structures  as 
the  nail  it  is  best,  after  fixing  with  picric  acid  or  formol  followed  liy  75  per  cent, 
alcohol,  to  soak  the  tissue  in  strong  gum  arable  for  a  few  days,  then  place  it  in 
an  appiopriate  position  upon  a  cork  or  upon  the  object  carrier  of  a  microtome,  and 
plunge  the  whole  into  70  per  cent,  alcohol.  This  renders  the  gum  hard,  and 
enables  sections  to  be  cut  of  sufficient  fineness.  A  plane  iron  should  be  used  with 
the  microtome  (Cathcart's),  since  the  hardness  of  the  nail  will  turn  the  edge  of  a 


THE   SKIN 


263 


razoi:     To  remove  tlie  giiiu  the  sections  are  placed  in  water  for  a  few  hours;  they 
may  then  be  stained  and  mounted.     Notice  the  lidges  (not  papillaj)  of  the  corium, 
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rete  mucosuni. 


sweat  Inlands. 


adipose  tissue. 


Fi(!.  366. — Vertical  section  TUROfdU  the  skin  ok  thk  sole  of  thk 
•FOOT.     Magnified  about  25  diameters. 

projecting  into  the  epideimis.     Olj.serve  also  the  distinction  of  the  epidermis  into 
Malpighian  layer  and  nail  proper. 

4.  Mount  a  section  from  a  portion  of  akin  in  which  the  blood-vessels  have  been 
injected,  and  notice  the  distribution  of  the  capillaries  to  the  sweat  glands,  to  the 
hair-follicles,  and  to  the  papillary  surface  of  the  corium. 
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5.  Tlie  cfUs  whifli  fuinpusL'  tlie  nails  and  hairs  can  l)e  isolated  Ijy  wanaiiig 
a  Kuiall  yjiece  of  nail  oi'  hair  in  strong  snlplinriu  acid  ;  after  this  treatment  the  cells 
aie  I'eadily  separated  f  10111  one  another  liy  pressuie  upon  the  covei-glass. 

6.  Sections  of  nianiinarv  gland  during  lactation.  The  gland  may  be  fixed 
either  in  fiuinol  or  in  Zencker's  Huid  (see  Ap]jeiidix)  and  the  sections  stained 
with  luematoxylin  and  eosin.  To  show  the  fat  globules  within  the  cells,  the  gland 
should   be  fixed  in   bichromate  of  potassium   foi'  ten  days  and  a   thin  piece  then 


straLuui  linjiduni. 
granulosuiu. 
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FlO.     ;W7. — VeRTICAIj    section     THKOlKill     THE    SKIN      OF    THE     CAEMAR    SIDE     Ob'    THE 
FINOEE,    SHOWING    TWO    OR    THREE    PAPILL.E    AND    THE    IJEErER    LAYERS    OF   THE 

EPIDERMIS.      Magnified  about  200  diameters. 

'>ne  of  the  papillae  L-ontaiiis  a  tactile  corpu^icle  ;  the  other*  l)lood-\essels. 

transferred  to  Marchi's  Huid  (see  Appendix)  for  a  few  days,  after  which  sections 
are  cut  and  mounted  in  dammar,  with  or  without  fuithei-  staining  with 
hseinatoxylin. 


The  skin  is  coinpused  of  two  parts,  epidenais  and  cutis  vera  (figs.  365, 
366). 

The  epidermis,  or  scarf  skin,  is  a  stratified  epithelium  (fig.  367).  It  is 
composed  of  a  number  of  layers  of  cells,  the  deeper  of  which  are  soft  and 
protoplasmic,  and  form  the  re/e  mncdsum  of  Malpighi,  whilst  the  supierficial 
layers  are  hard  and  horny,  this  horny  portion  sometimes  constituting  the 
greater  part  of  the  thickness   of   the  epidermis.     The   deepest  cells  of   the 
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reie  mticGosum,  which  are  set  on  the  surface  of  the  cutis  vera,  are  columnar 
in  shape.  In  the  coloured  races  of  mankind  these  cells  contain  pigment- 
granules.  In  the  layers  immediately  above  them  the  cells  are  polyhedral. 
Between  all  these  cells  of  the  rete  mucosum  there  are  fine  intercellular  clefts 
(fig.  368)  which  separate  the  cells  from  one  another,  but  are  bridged  across 
by  fibres  which  pass  from  cell  to  cell,  and  also  through  the  substance  of  the 
cells  (fig.  369)  (.Ranvier,  Del6pine).  The  intercellular  channels  serve  for  the 
passage  of  lymph,  and  within  them  lymph-corpuscles  may  occasionally  be 
found,  often  having  a  stellate  figure  from  becoming  shaped  to  the  interstices. 


¥ni.  368. — Section  of  epidermis  op  cat's  foot  showing  intekcellular 

CHANNELS,    WITH   BRIDGING  FIBRILS.       (KoloSSOW.) 

The  superficial  layer  of  the  rete  mucosum  is  formed  of  somewhat  flattened 
cells  filled  with  granules  or  droplets  of  a  material  (eleidin)  which  stains 
deeply  with  carmine  and  hsematoxylin  forming  an  irregular  layer  termed 
stratum  granulosum  (figs.  366,  367,  370,  c).  This  is  not  sharply  marked  off 
from  the  cells  of  the  rete  mucosum  which  lie  next  to  it,  for  many  of  these 
show  similar  granules,  although  they  less  completely  fill  the  cell.  Superficial 
to  the  stratum  granulosum  is  a  layer  in  which  the  cell-outlines  are  indistinct 
and  the  cells  contain  flakes  or  larger  droplets  of  a  hyaline  material  (kerato- 
hyalin),  which  stain  less  intensely  than  the  granules  in  the  last  layer,  and 
which  tend  to  run  together  (fig.  370,  b).  This  layer  has  a  clear  appearance 
in  section,  and  is  known  as  the  stratum  lucidum.  Immediately  superficial 
to  the  stratum  lucidum  is  the  horny  pa/rt  (stratum  corneum)  of  the  epidermis. 
It  is  composed  of  a  number  of  layers  of  epithelium-cells,  the  nuclei  of  which 
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are  no  longer  visible.     These  cells,  near  the  surface,  take  the  form  of  thin 
horny  scales  which  eventually  become  detached  (fig.   371,  s).     In  certain 


Fig.   369. — Sectkin  through  the    deepkk  laybks  or  a  stkatifibd  epithelium, 

SHOWINM!   FIBRILS,./',    I'ASSINCi    I'KOM   CELL  TO    CELL  ACROSS   THE  INTERCKLLULAR 

SPACES.     (Ranvier. ) 


Fig.  370. — Portion  of  epidermis  from  a  section  of  the  skin  of  the 

FINGER,   COLOURED  WITH  PICROCARMINE.      (Ranvier.) 

lA,  stratum  corneum ;  &,  stratum  lucidum  with  flakes  of  kerato-hyaliri ;  c,  stratum  granulosum, 
the  cells  filled  with  drops  of  eleidin ;  d,  prickle-cells ;  e,  dentate  projections  by  which  the 
deepest  cells  of  the  epidermis  are  fixed  to  the  cutis  vera. 

parts  which  have  a  thick  epidermis  and  are  not  covered  with  hair  [e.g.  the 
palms  and  soles),  the  superficial  part  of  the  epidermis  is  a  layer  mainly  formed 
by  a  number  of  greatly  swollen  cells  {sw),  forming  collectively  what  has  been 
termed  the  epitrichial  layer.     In  the  embryo  in  the  second  and  third  month 
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of  intrauterine  life  it  covers  the  whole  body,  but  is  thrown  off  where  hairs 
are  developed. 

The  growth  of  the  epidermis  takes  place  by  a  multiplication  of  the  cells 
of  the  deeper  layers.  The  newly  formed  cells,  as  they  grow,  push  towards 
the  surface  those  which  were  previously  formed,  and  in  their  progress  the 
latter  undergo  a  chemical  transformation,  which  converts  their  fibrillated 
protoplasm  into  horny  material :  this  change  seems  to  occur  Just  at  and 
above  the  stratum  granulosum  (see  fig.  370).     The  granules  of  eleidin  which 
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Vw.  371. — Se(;tion  or  kpidermis.     (Kanvier.) 

s,  superficial  hori],\  scales ;  sw,  swollen  horny  cells ;  s.l,  stratum  lucidum  ;  j),_prickle-cells,  several 
rows  deep ;  c,  elongated  cells  forming  a  single  stratum  near  the  coriuni ;  f.gr,  stratum 
granulosum  of  Langerhans  just  below  the  stratum  lucidum.  Part  of  a  plexus  of  nerve-fibres 
is  seen  in  the  superficial  layer  of  the  cutis  vera.  From  this  plexus  fine  varicose  nerve-fibrils 
may  be  traced  passing  up  between  the  epithelium-cells  of  the  Malpighian  layer. 

occupy  the  cells  of  the  stratum  granulosum  are,  according  to  Ranvier,  trans- 
formed into  the  keratin  of  the  more  superficial  strata. 

No  blood-vessels  pass  into  the  epidermis,  but  it  receives  nerves  which 
ramify  between  the  cells  of  the  rete  mucosum  in  the  form  of  fine  varicose 
fibrils  (fig.  371).  In  some  parts  these  are  enlarged  at  their  extremity  and 
along  their  course,  into  menisci  which  lie  between  the  deeper  epidermis  cells. 
Such  tenninatioiis  arc,  seen  in  the  skin  over  the  pig's  snout  (fig.  276,  p.  198) 
and  hi  the  root-sheaths  of  hairs  (fig.  384).  They  also  occur  in  the  neighbour- 
hood of  the  entrance  of  sweat-ducts  into  the  epidermis  (Ranvier)  (fig.  372). 

The  cutis  vera  or  corium  is  composed  of  dense  connective  tissue,  which 
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becomes  more  open  and  reticular  in  texture  in  its  deeper  part,  where  it 
merges  into  the  subcutaneous  tissue.  It  is  thickest  over  the  posterior  aspect 
of  the  trunk,  whereas  the  epidermis  is  thickest  on  the  palms  of  the  hand  and 
soles  of  the  feet.  The  superficial  or  vascular  layer  of  the  corium  bears 
microscopic  papillce ;  these  project  into  the  epidermis,  which  is  moulded  over 
them.  The  papillae  for  the  most  part  contain  looped  capillary  vessels,  but 
some,  especially  those  of  the  palmar  surface  of  the  hand  and  fingers,  and 
the  corresponding  parts  in  the  foot,  contain  tactile  corpuscles,  to  which 
meduUated  nerve-fibres  pass  (fig.  367). 

In  some  parts  of  the  body  (scrotum,  penis,  nipple  and  its  areola),  in- 


372.— Section  op  the  SKrN  ov  the  pulp  of  the  i'ingbe,  or  a  child,  stained 

WITH  GOLD   ClILOKIDE,    SHOWIKO    NEKVES   TEKMINATING   IN    AN    IVY-LIKE   AREOB- 
BSCENCE  AT    THE    SURFACE    OF    THE   CUTIS   VERA    AND    IN    THE    DEEPEST    PART   OP 

THE  EPIDERMIS.     (Ranvier.) 

p,  p,  outlines  of  papillcB  ;  n,  n\  nerve-fibres  in  cutis  vera ;  tn,  terminal  menisci ;  s,  duct 
of  a  sweat  gland. 


voluntary  muscular  tissue  occurs  in, the  deeper  portions  of  the  cutis  vera;  and, 
in  addition,  wherever  hairs  occur,  small  bundles  of  this  tissue  are  attached 
to  the  hair-follicles. 

The  blood-vessels  of  the  skin  are  distributed  almost  entirely  to  the 
surface,  where  they  form  a  close  capillary  network,  sending  up  loops  into 
the  papillae  (fig.  373).  Special  branches  are  also  sent  to  the  various 
appendages  of  the  skin,  viz.  the  sweat  glands  and  hair-follicles,  with  their 
sebaceous  glands  and  little  muscles.  Numerous  vessels  pass  to  the  adipose 
tissue  which  is  usually  found  in  the  deeper  parts  of  the  cutis. 

The  lymphatics  originate  near  the  surface  in  a  network  of  vessels, 
placed  a  little  deeper  than  the  blood-capillary  network.  They  receive 
branches  from  the  papillae,  and  pass  into  larger  vessels,  which  are  valved, 
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and  run  in  the  deeper  or  reticular  part  of  the  cerium.     From  these  the 
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Fig.  373. — Duct  of  a  sweat  gland  passing  thbough  the  epidermis 
Magnified  200  diameters.     (Heitzmann. ) 

Pt  papillee  with  blood-vessels  injected;  r.^n.,  rete  mucosum  between  the  papillee ;  c,  c,  stratum 
corneum ;  8,g.^  stratum  granulosum ;  tf,  d,  sweat-duct  passing  through  epidermis. 
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Kii;.  374. — Longitudinal  section  tubouuh  the  koot  of  the  nail  and 
its  matrix.     Magnified  about  10  diameters. 

u,  root  of  nail ;  b,  Malpighian  layer  of  matrix ;  c,  ridges  in  dermis  of  nail  bed ;  rf,  epitrichial 
layer  of  epidermis ;  e,  eponychium  ;  /,  bone  (terminal  phalanx)  of  finger. 
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lymph   is   carried   away   hy    still    larger    vessels,    wliich    eimrse    in   the   snb- 
outaiieous  tissue. 

The  appendages  of  the  skin  are  tlu^  imik,  the  luiirs,  with  their  se/jaceoun 
glands,  and  the  sioeat  t/landx.  They  are  all  developed  as  thickenings  and 
diiwnijrowths  of  the  Malpighian  layer  of  the  epideiniis. 

THE    NAILS. 

The  nails  ai'e  thickenings  of  the  deeper  part  (jf  the  stratum  coi-neum 
developed  over  a  specially  modified  portion  of  the  skin  (fig.  ■''7  +  ),  which  is 
kniiwn  as  the  hffl  of  llie  naiJ,  the  depression  at  the  po.sterior  jjart  of  the  naih 


Frc.   .■?/.■>. — Tfj.axsveksj:  section  acboss  naiFj  taken  near  o\e  emce.     Magnified 

50  diameter.s. 

The  apparent  i>aiiillaj  ai'e  really  seetions  rif  ridgfes  or  laiiiinie  of  the  cutis  \era  projeetiii^^  into  the 
Malpiffliian  la.ver  of  the  nail. 


lied  fi'om  which  the  root  of  the  nail  grows  being  known  as  the  iiai/-i/i'oovi'. 
The  part  of  the  bed  which  occu])ies  the  proximal  portion  of  the  groove  is 
termed  the  imii-mafrix,  since  it  is  from  this  part  that  the  growth  of  the 
nail  proceeds.  The  distal  part  of  the  nail  forms  the/rf''  horde);  and  is  the 
thickest  part  of  the  body  of  the  nail.  Tlie  substance  of  the  nail  is  composed 
of  clear  horny  cells,  somewhat  like  the  cells  of  the  stratvmi  lucidum  of  the 
rest  of  the  epidei-inis.  Each  contains  the  remains  (jf  a  nucleus.  The  nail 
proper  rests  inmrediately  upon  a  Malpighian  layer  similar  to  that  which  is 
found  in  the  epidermis  generally,  but  destitute  of  a  defined  stratum  granul- 
osum.  Nevertheless,  the  more  superficial  cells  of  the  rete  nmcosum  contain 
a  large  number  of  special  granules,  wdiich  appear  to  rep)resent  those  of  the 
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stratum  granulosuin  of  the  epidermis.  These  granules  are,  however,  not 
composed  of  eleidin,  but  of  a  material  {onychogenic  substance,  Ranvier) 
which  stains  brown  instead  of  red  with  carmine ;  a  similar  material  occurs 
in  the  cells  which  form  the  fibrous  substance  and  cuticula  of  the  hairs.     The 


Fifi.  376. — Section  through  end  or  finger  of  human  embryo  at  the  time 

UF  THE   commencement    OF    FORMATION    OF   THE    NAIL.       (KdlHker. ) 

Notice  the  ossification  of  the  terminal  phalanx  beginning  at  the  tip  of  the  cartilage.     In 
the  thickened  epidermis  over  this  the  commencing  nail  is  seen  as  a  dark  line. 

eorium  of  the  nail-bed  is  beset  with  longitudinal  ridges  instead  of  the 
papillfe  which  are  present  over  the  rest  of  the  skin;  these  ridges,  like  the 
rest  of  the  superficial  part  of  the  eorium,  are  extremely  vascular. 

The  nail-bed  also  receives  many  nerve-fibres.     The  deeper  of  these  end  in 
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Fig.  377. — First  appearance  of  nail  substance  in  the  form  of  granules  of 
onychogenic  material  in  some  of  the  cells  covering  the  nail-bed. 
(KoUiker.) 


Pacinian  corpuscles,  whilst  others  ramify  in  the  ridges  of  the  eorium,  and 
some  penetrate  amongst  the  epithelium-cells  of  the  Malpighian  layer. 

Development. — The  nails  show  in  the  foetus  at  about  the  third  month  (fig.  376), 
the  groove  being  formed  at  this  time  in  the  eorium,  and  the  nail  rudiment  appearing 
in  it  as  a  development  of  onychogenic  substance  in  some  of  the  cells  of  the  epithelium 
which  lies  over  the  bed  (fig.  377).  It  becomes  free  in  the  sixth  month,  its  free  end 
being  at  first  thin,  but  as  it  grows  forward  over  the  bed  it  receives  additions  on  its 
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under  surface — at  least  in  the  posterior  part  of  the  bed — so  that  after  a  time  the 
distal  end  becomes  thicker.  The  epitrichial  layer  of  the  cuticle  which  originally 
covered  the  developing  nail  becomes  detached  after  the  fifth  month,  and,  after 
birth,  only  remains  as  the  narrow  border  of  free  cuticle  {eponychium)  which 
overlies  the  root. 


HAIRS. 

The  hairs  are  growths  of  the  epidermis,  developed  in  deep  pits — the 
hair-follioles — which  extend  downwards  into  the  thickness  of  the  cerium, 
or  even  into  the  subcutaneous  tissue.  The  hair  grows  from  the.  bottom  of 
the  follicle,  the  part  which  lies  within  the  follicle  being  known  as  the  root. 

The  substance  of  a  hair  is  mainly  composed  of  a  pigmented,  horny, 
fibrous  material  (fig.  378,  /),  which  can  be  separated  by  the  action  of  sul- 
phuric acid  into  long  tapering  fibrillated  cells,  the  nuclei  of  which  are  still 
visible.     The  fibrous  substance  of  the  hair  is  covered  by  a  layer  of  delicate 

imbricated  scales,  termed  the  hair-cuticle  (c). 
In  many  hairs,  but  not  in  all,  the  centre  is 
occupied  by  an  axial  substance  (medulla, 
m),  formed  of  angular  cells  which  contain 
granules  of  eleidin,  and  frequently  have  a 
dark  appeai'ance  from  the  presence  of  minute 
air-bubbles.  The  latter  may  also  occur  in 
interstices  in  the  fibrous  substance.  When 
air  is  present,  the  hair  looks  dark  by 
transmitted,  white  by  reflected  light.  The 
root  has  the  same  structure  as  the  body  of 
the  hair,  except  at  its  deep  extremity,  which 
is  enlarged  to  form  the  hair -bulb;  this 
enlargement  is  composed  mainly  of  soft,' 
growing  cells,  and  fits  over  a  vascular  pa/pilla,  which  projects  up  into  the 
bottom  of  the  follicle  (fig.  379). 

Structure  of  hair-follicle  (figs.  379  to  382).— The  follicle,,  like  the  skin 
itself,  of  which  it  is  a  recess,  is  composed  of  two  parts  :  one  epithelial,  the 
other  connective  tissue.  The  epithelial  or  epidermic  part  of  the  follicle  closely 
invests  the  hair-root,  and  is  often  in  great  part  dragged  out  with  it ;  hence 
it  is  known  as  the  root-sheath.  It  consists  of  an  outer  layer  of  soft  columnai 
and  polyhedral-  cells,  like  the  Malpighian  layer  of  the  epidermis,  but  without 
stratum  granulosum — the  outer  root-sheath ;  and  of  an  inner,  thinner,  horny 
stratum  next  to  the  hair — the  inner  root-sheath.  The  inner  root-sheath  itself 
consists  of  three  layers,  the  outermost  being  composed  of  horny,  fibrous, 
oblong  cells  the  nuclei  of  which  are  obscure  and  difficult  to  make  out  (Heifde's 
layer),  the  next  of  polyhedral  nucleated  cells  containing  eleidin  {Huxley's 
layer),  and  the  third — the  cuticle  of  the  root-sheath— a,  layer  of  downwardly 
imbricated  scales,  which  fit  over  the  upwardly  imbricated  scales  of  the  hair 
itself.     In  the  more  superficial  part  of  the  hair-follicle  the  layers  of  Huxley 


Fig.  378. —Piece  or  human  hair. 
Magnified. 

j4,  seen  from  the  surface ;  B,  in  optical 
section ;  c,  cuticle ;  /,  fibrous  sub- 
stance ;  m,  medulla,  the  air  having 
been  expelled  by  Canada  balsam. 
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and  Henle  al'e  inrlistiiiguisliable,  the  colls  of  both  ljeiii,i;-  clear  and  keratinised  ; 
even  lower  down  wliei'e  distinguislialde   they  show  a  tendency  U>  dovetail 


O      ■;    c 
^       ?.%. 


^  - 

■ '  5 


- — -      =    O 


t3         ,  O 


i       -^/^ 

CO    '3  i 
fa    ■=  I 


'^, 


into  one  another.      At  tlie  bottom  of  the  follicle  no  dittereiitiation  iiit«j  layeis 
can  be  made  out  in  the  i-not-sheath,  which   is  liere  foi'iiied  bv  a  uniform  mass 
of  soft  cells  surrounding  the  papilla. 
18 
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In  the  greater  extent  of  the  folhcle  the  outer  root-sheath  is  several  layers 
deep,  but  as  the  bottom  of  the  follicle  is  approached  it  becomes  thinner,  and 
is  finally  reduced  to  a  single  stratum  of  cells  which  becomes  flattened  out 
into  a  very  thin  layer  in  the  papillary  part  (fig.  380,  I.). 

The   connective  tissue  or  dermic  part  of  the  hair-follicle  is  composed 
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IfiG.  380. — Ski  Tiu>;s  across  haik-foi.licles  prom  tue  scalp  of  an  infant. 

1.  Through  papilla.  II.  Just  above  papilla.  III.  About  middle  of  -follicle.  IV.  Near  outer  part 
of  follicle.  In  I. : — p,  papilla  ;  e,  epithelium  surrounding  papilla,  with  pigment  in  cells  ;  hy, 
hyaline  layer  of  dermic  coat  with  thin  outer  root-sheath  just  within  it.  In  II.,  III.,  IV.  : —  o, 
outer  root-sheath  ;  i',  layer  of  Henle,  and  i" ,  layer  of  Huxley  of  the  inner  root-sheath  ;  c,  cuticle 
of  root-sheath  ;  A,  hair. 

internally  of  a  vascular  layer,  which  is  separated  from  the  root-sheath  by 
a  basement-membrane  termed  the  hyaline  layer  of  the  follicle.  This  inner 
vascular  layer  corresponds  to  the  superficial  layer  of  the  cutis  vera.  Its 
fibres  and  cells  have  a  regular  circular  arrangement  around  the  follicle,  the 
cells  being  flattened  against  the  hyaline  layer.  Externally  the  dermic  coat 
of  the  follicle  has  a  more  open  texture,  corresponding  to  the  deeper  part  of 
the  cutis,  and  contains  the  larger  branches  of  the  arteries  and  veins.     In 
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the  large  tactile  hairs  of  animals,  the  veins  near  the  bottom  of  the  follicle 
are  dilated  into  sinuses,  forming  a  kind  of  erectile  structure. 

The  hair-follicle  receives  nerve-fibres  which  pass  into  the  papilla,  and 
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Fig.  381.— Longitudinal  section  of  a  hair-folucle.     Magnified  200  diameters. 
0,  outer ;  i,  inner  roofc-sheath  ;  h,  hair ;  x,  part  shown  magnified  in  fig.  382. 


others  which  enter  the  root-sheath.  These  last  are  derived  from  the  super- 
ficial nerves  of  the  corium  and  form  ring-like  arborisations  in  the  upper  part 
of  the  hair-follicle.  They  are  especially  well  developed  in  the  large  tactile 
hairs  (whiskers)  of  animals. 

The  hair 'grows  from  the  bottom  of  the  follicle  by  multiplication  of  the 
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soft  cells  which  cover  the  papilla,  these  cells  becoming  elongated  and  pig- 
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FlO.    382. —A  SMALL  PORTION  OF  THE  SECTION   SHOWN   IN  PIG.    381   ENLAKCED 
TO    EXHIBIT   THE   STKUCTUKE    Or   THE   SEVEEAL   LAYERS. 

A,  hair  ;  C\  its  cuticle  ;  c',  cuticle  of  root-sheatll ;  i",  I-Iuxluy's  layer  ;  i',  Henle's  layer  ; 
0,  outer  root-sheath  ;  7iy,  hyaline  layer  ;  r/,  dermic  coat ;  /,  fat-cells. 


mented  to  form  the  fibres,  of  the  fibrous  substance,  and  otherwise  modified 

to  produce  tho  medulla  and  cuticle  of  the 
hair  and  the  several  layers  of  the  root- 
sheath.  The  cells  which  form  the  medulla 
of  the  hair  and  the  inner  root-sheath  are 
filled  with  granules  of  eleidin,  but  those 
whicli  form  the  fibrous  substance  and  cuti- 
cula  of  the  hair  have  granules  which  stain 
brown  with  carmine,  and  appear  similar  to 
the  granules  in  the  corresponding  cells  of 
the  nail-matrix  (Banvier)  (see  p.  271).» 

On  the  side  to  which  the  hair  slopes  a  small 
patch  of  richly  innervated  thickened  epidermis 
is  usually  to  be  found,  developed  over  an 
enlarged  papilla  of  the  cutis  vera  :  while  on  the 
opposite  side  of  the  hair  is  a  flat  area  of  skin 
with  thickened  scale-like  epidermis,  which  may 
represent  a  vestige  of  the  reptilian  scale 
(Pinkus). 

The  hair-germs  when  they  first  appear  (as 
at  a,  fig.  387)  are  singularly  like  certain  tactile 
patches  which  are  found  in  the  skin  of  am- 
phibia and  some  reptiles,  and  it  is  possible  that 
hairs  have  become  developed  phylogenetically 
from  these  patches.  It  is  well  known  that  the 
tactile  sensibility  of  many  parts  of  the  skin  is 
intimately  associated  with  the  hairs,  although 
parts  devoid  of  hairs  may  also  have  a  highly 
developed  sense  of  touch. 

Besides  the  hairs  which  have  been  described,  and  which  are  provided  with 
a  vascular  papilla  from  the  cells  on  the  surface  of  which  the  hair  and  its 
inner  root-sheath  grow  (growing  or  bulb  hairs,  papillated  hairs),  there  are 


Fig.  383.  —From  a  section  of 
skin  prepared  by  the  chro- 
mate  of  silver  method,  show- 
ing the  upper  part  of  two 
hairs  and  the  terminal  ar- 
borisations   of    nerve  -  fibres 

IN    THEIR    ROOT-SHEATHS.      (Van 

Gehuohten. ) 


THE   HAIRS 


277 


many  which  are  unprovided  with  a  papilla  and  the  follicle  of  which  ceases  at 
the  level  of  attachment  of  the  arrector  pili  muscle  (non-growing  or  club-hairs, 
non-papillated  hairs).  These  are  hairs  which  have  become  detached  from- 
their  papilla  and  have  ceased  to  grow ;  they  are  more  easily  pulled  out 
than  the  growing  hairs,  and  after  a  time  tend  to  fall  out  spontaneously. 
In  their  follicles  the  whole  of  the  lower  part  of  the  hair,  including  the 
original  papilla  and  the  soft  growing  cells  which  cover  it,  may  entirely  dis- 
appear, the  hair  being  now  attached  at  its  sides  and  below  to  the  root-sheath 
(fig.  379,  h').  A  hair  which  has  thus  ceased  to  grow  eventually  becomes  lost, 
but  its  place  is  presently  supplied  by  a  new  hair,  which  becomes  developed  in 


Fig.  384.  —Nerve  ending  in  otrTEB  koot-sheath  or  tactile  hair  of 
RABBIT.     (Banvier. ) 

■n,  nerve-fibre ;  m,  tactile  meniscus ;  0,  outer  root-sheath  ;  i,  inner  root-sheath  ;  h,  hair ; 
hy,  hyaline  membrane. 


a  down-growth  from  the  old  follicle,  a  new  papilla  becoming  formed  at  the 
extremity  of  the  down-growth  (figs.  385,  386).  If  not  previously  detached, 
the  old  hair  is  pushed  out  from  the  follicle  by  the  one  which  replaces  it. 

The  detachment  of  the  non-papillated  hairs  is  preceded  by  an  absorption 
of  tjie  root  of  the  hair  and  of  the  investing  inner  root-sheath.  This  absorp- 
tion appears  to  be  efiected  by  the  cells  of  the  outer  sheath,  which  multiply 
at  the  expense  of  the  keratinised  parts  of  the  hair  root  and  undermine  its 
attachment  to  the  follicle  (fig.  385). 

Development. — The  hairs  are  originally  developed  in  the  embryo  as  small 
solid  down-growths  from  the  Malpighian  layer  of  the  epidermis  (fig.  387). 
The"  hair-germ,  as  it  is  called  (although  it  gives  rise  not  only  to  the  hair 
proper  but  also  to  the  epithelium-cells  of  the  hair-follicle),  is  at  first  composed 
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entirely  of  soft  growing  cells,  the  outermost  and  deepest  having  a  columnar 
shape;  but  presently  those  in  the  centre  become  differentiated,  so  as  to 
produce  a  minute  hair  invested  by  inner  root-sheath,  its  base  resting  upon 
a  papilla  which  has  become  enclosed  by  the  extremity  of  the  hair-germ  and 
which  is  continuous  with  the  connective  tissue  of  the  corium  (fig.  388).     As 


FlO.     385. — LoNQITUDINAL    SECTION    THROUGH    THE    POIXICLE     OP     A    HAIR    WHICH    HAS 
CEASED     TO     GROW     AND      THE     ROOT     OP     WHICH     IS     UNDERGOING     ABSORPTION. 

Magnified  200  diambters. 


the  minute  hair  grows,  it  pushes  its  way  through  the  layers  of  the  epidermis, 
which  it  finally  perforates,  the  epitrichial  layer  being  thrown  off  (p.  266). 
During  the  whole  process  the  follicle  is  growing  more  deeply  into  the  cutis 
vera,  carrying'the  papilla  down  with  it. 

The  hair- rudiments  begin  to  appear  at  the  third  or  fourth  month  of  fcetal  life  ; 
their  growth  is  completed  about  the  fifth  or  sixth  month,  and  the  fine  hairs  which 
they  form  constitute  a  complete  hairy  covering  termed  the  lamugo.    This  is  entirely 
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shed  within  a  few  months  of  birth,  the  new  hairs  being  formed  in  down-growths 
from  the  old  hair- follicles  in  the  manner  already  mentioned. 

Hairs  grow  at  the  rate  of  about  half  an  inch  per  month.     They  are  found  all 


FlO.    386. — FOKIN^TION    OF   A   NEW    HAIR   IN   A    DOWN-GROWTH   FROM    A    FOI.LTCLK   IN 

WHICH   THE   OLD   HAIR  IS  BECOMING    SHED.       (Ranvicr.) 

p,  papilla  of  new  hair  ;  i,  e,  its  inner  and  outer  root-sheaths ;  y,  root  of  old  hairs  ;  ?-,  epithelial 

projection  at  attachmenli  of  arrector  pill,  it\. 
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■Fig.  *387. — Hair-germs  in  a  section  of  the  scalp  of  a  humax  fostus. 
(Szyiiiouowicz.)     Magnified  230  diameters. 
,  commencing- down-growth  of  epidermis;  &,  further  stage  of  down-growbh;  c,  connective-tissue 
ceils  beginning  to  accumulate  to  {)roduGe  the  dermic  coat  of  the  follicle ;  d,  hair-follicle  more 
/;  advaneedjn  development ;  e,  section  of  a  blood-vessel. 
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over  the  surface  of  tlie  body  except  on  the  palms  of  the  hands  and  the  soles  of  the 
feet,  including  the  fingers  and  toes,  the  dorsal  surface  of  the  distal  phalanges 
of  the  iingers  and  toes,  and  certain  parts  of  the  external  generative  organs.  They 
usually  slant,  and  in  the  negro  the  hair-follicles  are  even  considerably  curved.  On 
the  scalp  they  are  set  in  groups,  as  is  well  seen  in  a  horizontal  section  ;  they  are 

most  numerous  here  (200  to  300  per  square 
centimeter). 

The  hairs  of  animals  are  often  curiously 
marked  by  the  arrangement  of  their  medulla, 
the  markings  being  characteristic  of  par- 
ticular species.  In  the  mole,  the  hairs  have 
a  varicose  form  with  alternate  enlargements 
and  constrictions.  In  human  hair  the  dis- 
appearance of  the  papilla  is  preceded  by  its 
gradual  diminution  in  size,  and  during  this 
period  the  root  of  the  hair  is  becoming 
gradually  more  slender  (Eanvier),  so  that 
when  such  a  hair  is  pulled  out  it  appears 
to  be  of  least  diameter  near  the  bulb,  instead 
of  being  largest  there,  as  is  the  case  under 
ordinary  circumstances. 


Muscles  of  the  hairs. — A  small  muscle 
composed  of  bundles  of  plain  muscular 
tissue  is  attached  to  each  hair-follicle  {ar- 
rector  pili,  fig.  379,  ar) ;  it  passes  from  the 
superficial  part  of  the  coriuni,  on  the  side 
to  which  the  hair  slopes,  obliquely  down- 
wards, to  be  attached  near  the  bottom  of 
the  follicle  to  a  projection  formed  by  a 
localised  hypertrophy  of  the  outer  root- 
sheath.  When  the  muscle  contracts,  the 
hair  becomes  more  erect,  and  the  follicle 
is  dragged  upwards  so  as  to  cause  a  pro- 
minence on  the  general  surface  of  the 
skin,  whilst  the  part  of  the  corium  from 
which  the  little  muscle  arises  is  corre- 
spondingly depressed ;  the  roughened 
condition  known  as  "  goose  skin "  being 
in  this  way  produced.  There  is  always 
a  seba,ceous  gland  in  the  triangle  formed 
between  the  arrector  pili,  the  mouth  of 
the  hair-follicle,  and  the  epidermis,  so 
that  the  contraction  of  the  arrector  generally  causes  the  secretion  of  the 
gland  to  be  extruded.  These  small  muscles  are  supplied  by  nerve-fibres 
derived  from  the  sympathetic. 


Fic.    388. — Uevelopino  haib  fbom 

HUMAN    EMBRYO     OF    FOUR    AND     A 

haIjF  months.     (Ranvier.) 

p,  papilla ;  /,  hair-rudiment ;  i,  cells  from 
which  the  inner  root-sheath  is  becoming 
formed ;  k,  keratinised  part  of  inner 
root -sheath,  uncoloured  by  carmine;  o» 
outer  root-sheath ;  b,  epithelial  projec- 
tion for  insertion  of  arrector  pili ;  s, 
sebaceous  eland ;  t,  sebaceous  degenera- 
tion of  cells  in  the  part  which  will_ 
become  the  neck  of  the  follicle.  This 
forms  a  channel  for  the  passage  of  the 
hair-point  through  the  Malpighian  layer. 


GLANDS   OF   THE   SKIN. 
The  sebaceous  glands  (fig.  379,  seb)  are  small  saccular  glands,  the  ducts 
from  which  open  into  the  mouths  of  the  hair-follicles.     They  are  also  found 
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ill  a  few  situatidiis  which  are  devoid  of  hairs  (margin  of  lips,  parts  of  the 
external  generativi'  organs).  The  Meibomian  glands  of  the  eyelid  arc 
modified  sebaceous  glands.  Both  the  duct  and  the  saccules  arc  lined  by 
epithelium,  which  becomes  charged  with  fatty  matter.  This  sebaceou 
matter  is  (Uscharged  into  the  cavity  of  the  saccule,  probably  owing  to  th 
disintegration  of  the  cells  within  which  it  is  formed.  There  may  be  moi 
than  one  sebaceous  gland  attached  to  each  hair-follicle. 

The  sebaceous  glands  are  developed  as  outgrowths  from  the  outer  root- 
sheaths  of  the  liairs  (fig.  388,  s). 

The  sweat  glands  are  abundant  over  the  whole  skin,  hut  they  are  most 
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Fill.  3S9.  —  Ski  TKi.v  ur  skin  of  p.ii.m,  shu\mn'o  position  of  swi;.\t  iil.vnd. 

(KoUiker.) 

a,  h,  t'liiilennis  ;  c.  cutis  \er;i :  i/,  siiljL-iitaneous  adiposf  tissue  :  e.  fliannel  |iassiti^^  tliroii^^li  epidermis; 
f\  ifs  orihce  ;  /.  diii-r  uf  j,^]iunl  imssiiii;-  throuj,^h  rntis  \era  ;  ,'/.  cuiled  tubes  of  sweat  i,dauil. 

numerous  on  the  palm  of  the  hand  and  on  the  sole  of  the  foot.  They  are 
composed  of  coiled  tubes,  which  lie  in  the  deeper  part  of  the  integument 
and  send  their  ducts  up  through  the  cutis  to  open  on  the  surface  by  cork- 
screw-like channels  in  the  epidermis  (fig.  389). 

The  si'crefuKj  pitrt  uf  the  (/land  is  formed  of  a  convoluted  tube  com- 
posed of  a  basement-membrane  lined  by  a  single  layer  of  cubical  or  columnar 
epithelium-cells,  and  with  a  layer  of  longitudinally  or  obliquely  disposed 
fibres  between  the  epithelium  and  basement-membrane  (fig.  390).  These 
fibres  are  usually  regarded  as  muscular,  although  the  evidence  on  this  point 
is  not  conclusive.      The  secreting  tulse  is  considerably  larger  than  the  duct. 
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Fig.  390. — Section  of  a  swkat  ciland  in  the  skin  of  man. 

a,  a,  secreting  tiilie  in  section;  6,  a  coil  seen  from  al)0\'e  ;  c,  c,  efferent  tnlie;  tf,  intertubular 
connecti\'e  tissue  with  blood-^'essels.  1.  liasGnu-nt-inenilii'ane  ;  2,  nuisi.'ular  filires  cnt  across; 
3,  secretin^  epithelium  of  tnhule. 

d 


Ft(I.    3!)I. — SeCTTON    of    fETtriMINOUS    IJLAND    l)F   THE    EXTEE>:AL    EAE. 

Photograph. 

(/,  duct  of  sflanil  ;  it  lias  a  spiral  course  and  is  thc-i-eforc  cut  se\  cral  tiuies  ;  it  is  partly  filled  with 
cerumen  ;  ijl,  secretinfj  tulniles  of  fjlaiid  ;  s,  extremit.\-  of  a  tuliulc  of  a  sebaceous  gland .whii'h 
extended  as  far  as  the  liase  of  the  ceritniinous  ;:land. 
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which  begins  witliiii  the  gland  and  usually  makes  several  convolutions  before 
leaving  the  gland  to  traverse  the  cutis  vera.  The  duct  has  an  epithelium 
consisting  of  two  or  three  layers  of  cells,  within  which  is  a  well-marked 
cuticular  lining,  but  there  is  no  muscular  layer.  The  passage  through  the 
epidermis  has  no  proper  wall,  but  is  merely  a  channel  excavated  between 
the  epithelium-cells.     Very  large  sweat  glands  occui'  in  the  axilla. 

The  sweat  glands  receive  nerve-fibres,  and  each  gland  lias  a  special  cluster 
of  capillary  blood-vessels. 

The  ceruminous  glands  of  the  ear  (fig.  391)  are  modified  sweat  glands. 
The  secretion  is  of  a  sebaceous  nature,  instead  of  Ijeing  wateiy  like  that  of 
the  ordinary  sweat  glands.  The  ceruminous  glands  are  oluselv  associated 
with  large  sebaceous  glands  (fig.  39i). 


Fic.   392. — Section  siiowixf, 

BY    THE    SECRETINIi 


T7IE    DUCT    OF    .\    f:ERr:\IINOI-S    (4L.\ND    .ICCOMP.VNIED 
TIIIU'LES    OK    L.AKOE    SEnACEdUS    ciLAN'DS. 

Photograpli. 


Development. — The  sweat  glands  aie  developed,  like  the  hairs,  as  down- 
growths  fif  the  Mal])ighian  layer  of  the  epideimis  into  the  coriuni.  They  are 
distinguishable  froii]  the  hair-germs  by  the  fact  that  the  cells  of  the  outermost 
layer  are  not  coluuniar  in  shape,  Ijut  spheroidal  or  polyhedral.  The  sweat  glajid 
germs  which  are  thus  formed  Itecome  eventually  coiled  u]i  at  their  e>ctreuiities 
and  converted  into  hollow  tubes.  The  muscular  tibres  of  tlie  tubes  as  well  as  the 
secreting  epitheliuiii-cells  are  ectodermic  stiuctures. 


THE    MAMMAltY    IILAND.S. 


The  mammary  glands  are  compound  racemosi^  glands  which  open  by 
numerous  ducts  upon  the  apex  of  the  nipple.  The  duets  are  dilated  into 
.small  reservoirs  just  before  reaching  the  nii)ple  (fig.  393).  If  traced  back- 
wards, they  are  found  to  commence  in  groups  of  saccular  alveoli  (fig.   39^). 
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Fiii.   3f).S. — A  :ma51mary  i;laxd  dissix'TEIi  tij  siiiiw  the  Drcx^^  hii.ated  int( 

UKSEKVCJDLS    I'.EKIIKE    n)>ENT\(,    El'dN'    THE    XTT'I'I.E. 


Kid.     .S94. — SeiTKJN     (IF     T\V(i     AD.IACKNT     MAMMARY     i:EAMIS     UF     I.ACTATINIl     OAT,    ONE 
UF    WHICH    IS     FEEI.    (IF     MIl.K     WHILST    THE     (ITHEK     HAS    BEEN     EMPTIED    OF   ITS 

SECRETION,      ilatrnified  50  diameters. 


JAJJ/J/./A'F   GL.IXDS 


^S5 


The  walls  of  the  aheoli  are  lined  by  a  single  la3'er  cif  epitheHuui  wliieli  is 
columnar  when  the  milk  is  being  produced,  but  becomes  flattened  out  as  the 
secretion  fills  the  alveoli.  Tn  fig.  .395  milk  globules  may  be  seen  forming 
within  the  columnar  cells  and  also  lying  free  within  the  aheoli.  The 
contrast  between  alveoli  distended  with  milk  and  those  which  have  been 
emptied  of  the  secretion  is  very  striking  (tig.  Z'H).  The  emptying  seems  to 
be  brought  about  by  contraction   of  plain   muscle-cells   in  the  aheolus  lying 


Fii;.   .39."). — AijVKOLi  (jf  mamm.vrv  (:t.axt>  of  i.actatinc  cat. 
I'liotograpli.      Magnified  4(10  cliaiiicU'i-s. 


just  inside  the  basement-membrane  (as  in  the  sweat  glands):  such  lAontrac- 
tion  is  readily  bi-ought  about  by  intravenous  injection  of  certain  animal 
extracts  (pituitary,  corpus  luteum).  At  the  cominencemenf  of  lactation 
large  cells  containing  fat  pai'ticles  appear  in  the  secretion  {cnlds/nim 
rorjniscle.-i).  These  are  either  detached  portions  of  the  secreting  epithelium 
cells  or,  as  some  believe,  emigrated  leucocytes  siuiilar  t<j  the  salivary 
corpuscles  of  saliva. 

Development.-- 'I'lii'  liiainniary  Lflands  arc  dcvclii|icd  in  tlir  same  inaniici'  as 
tlic  sweat  glands,  exr("]]ting  tliat  tlif  sprivling  pai-t  din'.s  not  liecniiic  ronvdhilcd  and 
tubular,  in  the  virgin  uiamnia  they  show  very  few  and  suiall  i,'niups  nf  alvenh', 
but  as  pregnancy  advances  the  gland  ducts  bud  out  extensivi'lx,  and  many  more 
alveoli  are  formed  and  imdergo  enlargement,  until  the  greater  ]ja.i  t  of  the  ronneetive 
ti.ssue  in  the  manmiary  i-egion  is  pernieated  by  tliem.  In  sections  of  the  lacfating 
gland  they  may  lie  seen  in  \arions  st.-iges  of  development.  .After  lactation  is 
over  they  undergo  a  |iroeess  of  retrogiession. 


286  THE  ESSENTIALS   OF  HISTOLOGY 


LESSON  XXVI. 
STRUCTURE  OF  THE   HEART. 

1.  In  sections  through  the  wall  of  the  auricle  note  the  relative  thickness  of  the 
epicardium,  myocardium,  and  endocardium.  Observe  the  blood-vessels  and  nerve- 
fibres  under  the  epicardium,  often  embedded  in  fat ;  here  and  there  a  ganglion 
may  be  seen  under  this  membrane.  Notice  also  the  elastic  networks  under  both 
the  pericardium  and  endocardium.     Make  a  general  sketch  of  such  a  section. 

2.  In  sections  through  the  wall  of  the  ventricle  the  same  points  are  to  be 
noticed.  The  muscular  fibres  are  variously  cut.  In  those  which  are  cut  longi- 
tudinally, the  branching  of  the  fibres  and  their  union  both  laterally  and  by  their 
branches  may  be  seen.  Notice  also  that  although  the  fibres  are  cross-striated  this 
is  less  distinct  than  in  voluntary  muscle,  and  that  the  nuclei  lie  near  the  centre  of 
each  fibre.  Transverse  markings  may  also  be  seen  passing  across  the  fibres  between 
the  nuclei ;  this  is  usually  taken  as  indicating  a  division  into  cells.  The  endo- 
oai'dium  is  thin,  especially  over  the  columnee  carnese. 

3.  Section  through  one  of  the  valves  of  the  heart.' 

4.  If  a  portion  of  endocardium  of  the  sheep's  heart  is  spread  out  on  a  slide  and 
examined  in  salt  solution,  a  network  of  large  beaded  fibies  may  be  seen  with  a  low 
power  or  even  with  a  lens  ;  they  are  also  seen  in  sections.  These  are  the  fibres  of 
Purkinje  ;  they  are  formed  of  large,  square-looking  cells  usually  containing  two 
nuclei,  and  having  striated  muscular  substance  at  their  periphery. 

5.  The  lymphatics  of  the  heart  may  be  injected  with  Berlin  blue  by  sticking 
the  nozzle  of  the  injecting  syringe  anywhere  into  the  muscular  substance,  and 
forcing  the  fluid  into  the  interstices.  The  commencing  lymphatics  which  are  thus 
injected  lead  to  efferent  vessels  which  pass  under  the  epicardium  towards  the  base 
of  the  heart. 

6.  The  epithelium  which  covers  the  epicardium,  and  that  which  lines  the 
endocardium,  may  be  studied  in  preparations  of  the  fresh  organ  which  have  been 
well  rinsed  with  distilled  water,  then  treated  with  nitrate  of  silver,  again  rinsed, 
and  subsequently  exposed  to  the  light  and  hardened  in  alcohol.  Surface  sections 
are  to  be  made  and  mounted  in  dammar. 


Myocardium. — The  muscular  tissue  of  the  heart  (fig.  396)  forms  the  main 
thickness  of  the  ventricles  and  also  of  parts  of  the  auricles.  It  is  composed 
of  a  network  of  fibres  which  are  formed  of  transversely  striated  cells,  the 
structure  of  which  has  already  been  studied  (Lesson  XVII.). 

In  the  interstices  of  the  muscular  bundles  there  is  a  considerable  amount 
of  areolar  tissue  in  which  run  numerous  blood-capillaries  and  lacunar 
lymphatics. 

Epicardium. — The  myocardium  is  covered  externally  by  a  layer  of  serous 

1  The  appearances  which  are  to  be  studied  in  sections  1,  2,  and  3  can  all  be  obtained 
in  one  preparation,  viz.  a  vertical  section  including  'a  portion  of  auricle  and  ventricle 
and  a  flap  of  the  intervening  aurieulo- ventricular  valve. 
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membrane — the  epicaRlium  or  cardiac  pericardium  (fig.  397,  A)— composed, 


Fic.  396. — Section  of  MVncAKLnrM.     Magnilied '3)0  diameters. 

Most  of  the  tibresare  cut  across.  Notit-e  the  iiTL'ji'nlai-  outHites  of  the  fibres  and  the  manner  in  which 
tfiey  blend  lateral!}"  with  one  another:  the  nuelei  in  the  middle  of  the  filires:  tlie  iTitcrstitial 
eoiniective  tissue  subdividing  tlie  nuiseular  tissue  into  lar^^er  and  smaller  bundles. 


.Q:PiiQ_ 
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Fin.    .S97.  — SlOCTlnNS    111.    TIIK    illllllT    ATKII'LE. 

A,  Epii-ardinin  and  ailjai-cnt  liavt  fif  the  myocardium,  o,  sitoils  epitlu'lium  in  .xu.;!!™!  ;  h  rnn- 
nective-tissuc  lavi>r  •  c  elastic  network  ;  r/,  snl)seroiis  areolar  tissue  ;  r,  tal. ;/,  seetion  ot  a  blood- 
vessel ■  ij    a  small  nant;lion  ;  /i,  nni.s.ailar  Hl.res  of  the  myoeardium  ;  J,  uitermiiseular  areolar 


tissue. 
B,   Endocardium  and  adjacent  layer  of   the  myocardi\uii. 


inin^r  eititlieliuni  :  /»,  connective 
tissue  with  fine  elastic  filn-es  ;  c,  layer  with  coarser  elastic  flhrcs;  ,;,  suh-endocardial  con- 
nective tissue  continuous  Hith  the  intermuscular  tissue  of  the  myocardumi ;  h,  muscular  hhres 
of  the  myoeardium  ;  m,  plain  muscular  tissue  in  the  endocarduim. 
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like  other  serous  niembraiies,  of  connetitive  tissue  and  elastic  fibres,  the  latter 
being  most  numerous  in  its  deeper  parts.  Underneath  the  epicardium  run 
the  blood-vessels,  nerves,  and  lymphatic  vessels  of  the  heart  embedded  in 
areolar  and  adipose  tissue,  this  tissue  being  continuous  with  that  which  lies 
between  the  muscular  bundles  ;  the  free  surface  of  the  membrane  is  covered 
by  serous  endothelium. 

Endocardium. — The    lining    membrane    of    the    cavities   of    the    heart, 
known  as  the  endocardium   (fig.   397,  B),  has  a  structure   not  very  uidike 


Fic.  398. — EKiiorAKDiuM  cu\ekin(i  o^e  ok  the  ciiiamn.e  (',\k>k,e  of 

TUE    KlfillT    VENTKICJ,E.        (Manil.) 

a,  eiiilothc'liuiii ;  6,  (■oiinccti\'e  tissue  with  clastic  fibres  ;  c,  muscular  fibres  of  ui.'tocarrtiuiu. 

the  pericardium.  It  is  lined  b}'  a  pavement-epithelium  (endothelium),  like 
that  of  a  serous  membrane,  and  consists  of  connective  tissue  with  elastic 
Hbres  in  its  deeper  part,  between  which  there  may,  in  some  parls,  be  found 


•Ci,;^;. 


i"'i(i.   ;■{'.)',). — Fkacmem'  of  tmh  netwcikk  of  Pitkki^me's  fibkf;s  fkom  the 

VENTRICUL.iR   ENDOC.VKDU-M    OF    THE   S]IEE1>.       (Ranviei.  ) 
c,  clear  cell  body  ;  n,  miclei  ;  /.  striated  fibrils. 


a    few    plain    nniscular    fibres.       Va,t    is    sometimes    met    with    under    the 
endocardium. 

In  some  animals,  c.ij.  the  sheep  and  ox,  a  network  of  large  beaded 
trabecula?  occurs  under  tlie  endocardium.  They  are  formed  of  clear  cells 
joined  both  end  to  end  and  laterally,  and  generally  containing  in  their  centre 
two  nuclei,  whilst  the  peripheral  part  of  the  cell  is  formed  of  cross-striated 
muscular  tissue  ;  the  trabecule  are  known  as  the  fibres  of  Pur  kin je  {tig.  399). 
They  are  formed  of  cardiac  cells  which  have  undergone  differentiation  into 
striated    muscle   substance   only    at   their  periphery,    the   non-differentiated 
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part  of  the  cell  having  continued  to  grow  until  it  has  attained  a  considerable 
size.     In  man  distinct  fibres  of  Purkinje  are  not  seen,  but  the  innermost 


Fig.  400. — Seotton   throuoh  or&v,   of  the 

FLAPS  OF  THE  AORTIC  V.ALVE,  \TsV>  I'ART 
OF  THE  COKRESPONDlNi:  SINI'S  OF  VaL- 
SAI-VA,  WITH  THE  ADJOININfi  PART  OF 
THE      VENTRlrUI.AR      WALL.  (Froni     u, 

drawing  by  V.  Horsley.) 

«,  endocardium,  prolonged  over  the  valve;  !i,  sub- 
endocardial tissue ;  c,  fibrous  tissue  of  the  valve, 
thickened  at  c'  near  the  free  edge ;  rf,  .section  of 
the  lunula ;  «,  section  of  the  fibrous  ring ;  /', 
muscular  fibres  of  the  ventricle  attached  to  it  \ 
g,  loose  areolar  tissue  at  the  base  of  the 
ventricle;  i.V.,  sinus  of  Valsalva;  1,  2,  .3,  injer, 
middle,  and  outer  coats  of  the  aorta. 


Fifj.  401.  — Section  (longi- 
tudinal) OF  AORTIC 
VALVE,  HCMAN.    (Mann.) 

1.  PART  CONTINUOUS  WITH 
ENDOCARDIUM. 

2.  PART  CONTINUOUS  WITfl 
AORTIC   WALL. 

ci,  endothelium  ;  6,  elastic  layer  ; 
c,  fibrous  layer  with  many 
elastic  fibres ;  d,  line  of  junc- 
tion of  ventricular  and  aortic 
portions;  e,  compact  fibrous 
tissue  with  fine  elastic  fibres ; 
/,  endothelium  and  elastic 
lamina. 


muscular  fibres  of  the  ventricles  are  larger  than  those  which  lie  more  extern- 
ally :  they  also  undergo  development  somewhat  later  (J.  B.  MacCallum). 

The  auriculo-ventricular  bundle. — Muscular  fibres  which  show  less  different 
tiation  than  the  vest  of  the  cardiac  muscle  were  first  described  by  Stanley  Kent 
as  affording  a  bridging  connexion  between  the  muscle  of  the  auricles  and  that  of 
the  ventricles.     Such   fibre.s  are  usually  collected  iu  man  and  mammals  into  a 

19 


290 


THE  ESSENTIALS   OF  HISTOLOGY 


circumscribed  fasciculus  known  as  the  auriculoventricular  bundle  (W.  His,  junr.), 
which  extends  from  a  plexiform  mass  known  as  the  node  of  Tawara  on  the  septal 
wall  of  the  right  auricle  to  the  septum  between  the  ventricles,  where  it  bifurcates  ; 
a  branch  passing  to  each  ventricle,  over  the  inner  surface  of  which  it  is  continuous 
with  a  network  of  fibres  which  is  represented  in  the  sheep  by  Purkinje's  fibres. 
The  bundle  and  all  its  branches  are  invested  by  a  special  connective-tissue  sheath 
which  can  be  injected  with  coloured  fluid  :  this  afl'ords  the  best  means  of  demon- 
strating the  whole  system  (Aagard).  Besides  the  extension  over  the  ventricles 
there  is  another  prolongation  of  the  same  tissue  in  the  right  auricle,  which  ends  or 


Fin.  402. — Ending  of  medulIjATED  nerve-fibres,  probably  derived  from 

THE   VAcrS,    IN   A  SMALL  CARDIAC   GANGLION.      (Dogiel.) 
The  ganglion-cells  are  not  represented. 


begins  in  another  plexiform  mass  (node  of  Keith  and  Flack)  which  lies  close  to  the 
entrance  of  the  superior  vena  cava.  The  auriculo-ventricular  bundle  serves  the 
purpose  of  propagating  the  contractions  of  the  auricles  to  the  ventricles  and  thus 
maintaining  the  regularity  of  rhythm,  of  the  ventricles  ;  when  the  bundle  i.<< 
severed  experimentally  or  by  disease  this  propagation  is  no  longer  possible,  and 
the  ventricles  then  beat  with'  a  much  slower  rhythm  than  the  auricles. 

The  valves  of  the  heart  are  formed  of  folds  of  endocardium  strengthened 
by  fibrous  tissue  (figs.  400,  401).  This  tissue  forms  a  thickening  near  the 
free  edge  of  the  valve  (c).  At  the  base  of  the  auriculo-ventricular  valves 
the  muscular  tissue  of  the  auricle  may  be  found  passing  a  short  distance  into 
the  valves.     In  the  fretus  these  valves  are  at  first  almost  entirely  muscular, 
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The  nerves  of  the  heart  are  seen  underneath  the  epicardium  of  both 
auricles  and  ventricles ;  in  the  former  situation  they  are  connected  at 
intervals  with  small  ganglia  (fig.  397,  A,  g ;  figs.  402,  403,  404).  The  axons 
of  the  ganglion-cells  pass  to  the  muscular  substance,  and  after  dividing  into 
fine  fibrils,  end  in  enlarged  extremities,  which  are  applied  directly  to  the 


Fio.  4n.S. 


Fi«.  404. 


Fig.  403. — Ending  of  non-medullated  NERVB-riBUES  (derived  from  the 
sympathetic)  in  a  small  ganglion  of  the  heart.     (Dogiel. ) 

The  panfrlion-cells  are  not  represented. 

Fig.  404.— a  small  ganglion  from  the  heart,  showing  the  ganglion- 
cells  AND  THEIR  PROCESSES.      (Dogiel.) 


muscular  fibres  (fig.  287,  p.  204).  Other  meduUated  nerve-fibres,  which  are 
probably  afferent,  terminate  in  complex  ramifications  in  the  endocardium 
(fig.  405)  (Smirnow,  A.  S.  Dogiel). 

The  blood-vessels  of  the  heart  are  very  numerous.  The  veins  are  thin- 
walled,  retaining  the  capillary  structure  (endothelium  only)  in  vessels  of  ap 
much  as  0'25  mm.  in  diameter.  The  blood-vessels  are  accompanied  by 
pumerous  lymph-vessels,  which  form  plexuses  under  the  cardiac  pericardium 
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and  endocardium.     The  lymphatics  of  the  myocardium  occupy  lacunar  spaces 
in  the  interstitial  connective  tissue  between  the  muscle-fibres  and  can  be 


Fig.  405. — Termination  of  an  afferent  herve-ftbre  in  the  endocardtusi. 

(Dogiel.) 


readily  demonstrated  by  injecting  coloured  fluid  into  the  substance  of  the 
myocardium ;  the  fluid  passes  from  these  spaces  into  the  vessels  of  the  epi- 
and  endocardium. 


LESSON   XXVII. 
THE   LARYNX,  TRACHEA  AND   LUNGS. 

1.  In  sections  of  tlie  trachea  and  larynx,  notice  the  epithelium,  the  basement- 
membrane  (of  some  thickness  in  the  human  trachea  and  laiynx),  the  lymphoid 
tissue  of  the  mucous  membrane,  the  elastic  tissue  external  to  this,  and  lastly,  the 
fibrous  membrane  containing  the  cartilages.  In  the  mucous  membrane  and  sub- 
mucous ai'eolai'  tissue  look  for  sections  of  small  mucous  glands,  ducts  of  which  may 
be  seen  opening  on  the  surface.  At  the  back  of  the  trachea  notice  the  plain  muscular 
fibres  transvei'sely  arranged  ;  there  may  be  larger  mucous  glands  external  to  these. 

•2.  In  sections  of  lung  notice  the  alveoli  collected  into  groups  (infundibula  or 
air-sacs).  Find  sections  of  bronchial  tubes,  some  cut  longitudinally  and  passing  at 
their  extremities  into  the  alveolar  passages,  others  cut  across.  In  each  tube  notice 
the  ciliated  epithelium  internally.  Next  to  this  the  mucous  membrane  containing 
numerous  elastic  fibres  and  often  thrown  into  folds  ;  then  the  layer  of  circular 
muscular  fibres,  and,  outside  this,  loose  fibrous  tissue  in  which  in  larger  bronchial 
tubes  pieces  of  cartilage  may  be  seen  embedded.  Small  mucous  glands  may  also  be 
observed  in  the  fibrous  tissue  sending  their  ducts  through  the  other  layers  to  open 
on  the  innei-  surface.  Notice  that  a  branch  of  the  pulmonary  artery  always 
accompanies  a  bronchial  tube. 

In  the  sections  of  the  alveoli  observe  the  capillary  vessels  passing  from  one  side 
to  the  other  of  the  intervening  septa  ;  and  in  places  where  the  thin  wall  of  an 
alveolus  is  seen  flat  in  the  section,  the  network  of  blood-capillaries  upon  it. 
In  sections  stained  with  orcein  the  elastic  fibres  are  displayed.  Within  the  alveoli 
nucleated  corpuscles  may  here  and  there  be  seen  with  dark  particles  in  their 
pi'otoplasm.  They  are  phagocytes  which  have  migrated  fiom  the  blood-vessels 
and  lymphatics,  and  have  taken  in  inhaled  particles  of  cai'bon.  They  may  pass 
back  into  the  lung  tissue,  for  similai'  cells  ai'e  seen  in  this?  Make  a  sketch  of  part 
of  the  wall  of  one  oi-  more  bronchial  tubes  and  of  one  or  two  of  the  alveoli. 

3.  The  shape  and  ariangement  of  the  alveoli  is  best  seen  in  casts,  which  can  be 
squeezed  out  of  slices  of  a  lung  which  has  been  moderately  distended  with  coloured 
gelatine. 

4.  In  sections  of  a  fresh  lung  the  air-cells  of  which  have  been  filled  with 
a  mixture  of  gelatine  and  nitrate  of  silver'  solution  the  epithelium  of  the  alveoli  can 
be  studied.  The  sections  ai'e  made  with  the  freezing  mici'otome,  and  mounted  in 
glyceiine,  which  .should  be  wai'med  aftei'  the  cover  glass  is  applied  in  oi'der  to  melt 
the  gelatine. 

■").  Mount  a  section  of  lung  in  which  the  pulmonar^'  vessels  have  been  injected. 
Study  the  general  anungement  of  the  vessels  with  a  low  powei',  and  the  netwoi'k 
of  ca])illaiies  of  the  alveoli  with  a  high  powei'.  Obsei've  that  the  veins  I'un  apart 
from  the  arteries.     Sketch  the  capillary  network  of  one  or  two  adjoining  alveoli. 


THE   TRACHEA   AND   LARYNX. 


The  trachea  or  wind-pipe  is  a  fibrous  and  muscular  tube,  the  wall  of 
whicli  is  rendered  somewhat  rigid  by  C-shaped  hoops  of  cartilage  which  are 
embedded    in   the  fibrous  tissue.     The   muscular    tissue,    which  is   of   the 
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plain  variety,  forms  a  flat  band,  the  fibres  of  which  run  transversely 
at  the  back  of  the  tube.  Both  larynx  and  trachea  are  lined  by  a  mucous 
membrane  (figs.  406,  407),  which  has  ciliated  epithelium  upon  its  inner 
surface.  The  epithelium-cells,  which  have  been  already  described  (Lesson 
VIII.),  have  goblet-cells  amongst  them  ;  they  rest  upon  a  thick  basement- 
membrane.  The  corium  of  the  mucous  membrane  consists  of  areolar  and 
lymphoid  tissue,  and  contains  numerous  blood-vessels  and  lymphatics.     In 


Fig,  406. — Longitudinal  section  or  the  human  trachea,  including  portions 
OF  TWO  cartilaginous  RINGS.     (Klein.)     Moderately  magnified. 

a,  ciliated  epithelium ;  6,  basement-membrane ;  c,  superficial  part  of  the  mucous  membrane,  con- 
taining the  sections  of  numerous  capillary  blood-vessels  and  much  lymphoid  tissue  ;  rf,  deeper 
part  of  the  mucous  membrane,  consisting  mainly  of  elastic  fibres ;  e,  submucous  areolar 
tissue,  containing  the  larger  blood-vessels^  small  mucous  glands  (their  ducts  and  alveoli  are 
seen  in  section),  fat,  etc. ;/, 'fibrous  tissue  investing  and  uniting  the  cartilages;  g,  a  small 
mass  of  adipose  tissue  in  the  fibrous  layer ;  7),  cartilage. 


its  deepest  part  is  a  well  -  marked  layer  of  longitudinal  elastic  fibres. 
Many  small  glands — mucous  and  mixed  mucous  and  serous — are  found  in 
the  wall  of  the  trachea.  They  may  lie  either  within  the  mucous  membrane 
or  in  the  submucous  areolar  tissue,  or,  lastly,  at  the  back  of  the  trachea,  out- 
side the  transverse  muscular  fibres. 

The  two  main  divisions  of  the  trachea,  the  right  and  left  bronchi,  are 
precisely  similar  in  structure  to  the  main  tube. 

The  larynx  resembles  the  trachea  so  far  as  the  structure  of  the  mucous 
membrane  is  concerned.     It  also  is  lined  by  ciliated  epithelium,  but  over 
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the  true  vocal  cords  and  upon  the  epiglottis,  as  well  as  here  and  there  in 
the  part  above  the  glottis,  stratified  epitheUum  is  found;  and  taste-buds 
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Fk;.  407.— Mucous  membrane  of  larynx.     (]\[erkel.) 

g,  a  goblet-cell  amongst  the  ciliated  epithelium-cells  ;  (1,  baaeineiit-membrane  ; 
I,  lymphoid  tissue  ;  e,  elastic  fibres,  cut  across. 


Fig.  408. —Longitudinal  section  through  the  Venteicle  of  the  larynx 
OF  A  child.     (Klein.) 

It,  true  vocal  cord ;  6,  false  vocal  cord ;  0,  nodule  of  oartilage ;  d,  ventricle  of  Movgagni ; 
I,  lymphoid  tissue  ;  m,  thyro-arytenoid  muscle. 
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may   occur  in  this  epithelium,   except  over  the   vocal   cords.       Numerous 
nerves  end  in  the  epithelium. 


deb 


Fig.  409.  —  VoHTiox  or  a  teaksverse  section  or  a  bronchial  ti-be,  h0man, 
6  MM.  !!<■  DIAMETER.     (F.  E.  Schultze. )     Magnified  30  diameters. 

a,  cartilage  and  fibrous  laj'er  with  mucous  glands,  and,  in  the  outer  part,  a  little  f^t ;  in  the 
middle,  the  duct  of  a  gland  opens  on  the  inner  surface  of  the  tube ;  b,  annular  layer  of  in- 
voluntar,v  muscular  fibres;  c,  elastic  layer,  the  elastic  fibres  in  bundles  which  are  seen  cut 
across ;  rf,  columnar  ciliated  epithelium. 


Fk;.  410.— Section  of  paUt  of  a  ero.\chial  tube.     "Magnified  200  diameters. 

a,  ciliated  epithelium  ;  h,  basement-membrane ;  t,  superficial  part  of  mucous  membrane,  with 
fine  elastic  fibres ;  d,  deeper  part  with  numerous  coarser  fibres ;  e,  plain  muscle  of  bronchus ; 
/,  duct  of  gland  passing  through  mucous  membrane. 


The  true  vocal  cords  are  composed  of  fine  elastic  fibres. 
Lymphoid  tissue  is  especially  abundant  in  the  mucous  membrane  of  the 
ventricle   of   Morgagni  (fig.   408,   d).      A  large  number  of   mucous  glands 
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open  into  this  cavity  and  into    that   of    the    saccular    which    co jnnunicates 
with  it. 

The  cartilages  of  the  trachea  and  tlie  thyroid,  ciicoid,  and  arytenoid 
cartilages  of  the  larynx  are  hyaline  ;  all  these  are  liable  to  (jssify  as  age 
advances.  The  epiglottis  and  the  cartilages  of  8antorini  and  of  Wrisberg 
are  composed  of  elastic  fibro-cartilage.  This  is  also  the  case  with  the 
uppermost  part  of  the  arytenoid  and  the  tip  of  the  vocal  process  of  the 
same  cartilage, 

'■''.-->k"X,  ,"|i>'''       'f:,'i<'~'^>  „  T        ':xr^     "S-ST^^M -----.-; TBgjj., 
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Fi(i.   411.  — Section   of  lcm;,    duo,    siiowlm:    .\    .muuekate   sizkd    TiKnNciii.\].   ttre 

«  rxU    THE  BK.iNCU  IJF  THE   rrLMON.VKY  .\HTEKV  .MJCUMP.^N  V I  M  I    CI'.        Photngrapll. 

Magnified  .50  diameters. 

Some  of  tlic  adjacTiit  pulmonary  tis-yue  is  incluilecl  i]i  the  section.     iJii  the  left  is  seen  tlie 
weetiou  of  an  alveolar  bronchial  tube. 


THE    LUNdS. 

The  lungs  are  formed  b)'  the  ramifications  of  the  bfoncliial  liihes  and 
their  terminal  expansions  which  form  groups  or  lobules  of  sacculated 
dilatations  {nir-saca,  infun'lihuhi),  beset  everywhere  with  small  iri'egularly 
hemispherical  bulgings,  known  as  the  pulritonni ji  ahiioli  or  a'ir-re1h. 

The  bronchial  tubes  (figs.  409  to  41.3)  are  lined  (except  the  terminal 
bronchi)  by  ciliated  epithelium  which  rests  on  a  basement  -  membrane. 
External  to  tliis  is  the  eorium  of  the  mucous  membrane,  containing  a  lai'ge 
mnnber  of  longitudinal  elastic  fibres  and  some  lyjnphoid  tissue.  Outside 
this  again  is  a  complete  layer  of  plain  muscular  fibres  encircling  the  tube. 
Next  comes  a  loo.se  fibrous  layer  in  which,   in  the  large  and  medium  sized 
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tubes    (tigs    tO'J,    tlii),   small   plates   of   cartilage  are   embedded.       Mucous 
glands  are  also  present  in  tbis  tissue. 

The  extremities  of  the  small  bronchial  tubes  expand  hito  passages, 
re.spiratory  hrowhiohs,  which  give  olf  as  branches  the  alveolar  iiasMyan. 
The  walls  of  both  these  are  beset  with  alveoli.  The  alveolar  passages  lead 
into  irregularl}'  spherical  alveolated  dilatations  [alrla)  with  which  a  number 
of  blind  and  often  funnel-shaped  diverticula  completely  covered  with  alveoli 


iy  - -^S^'^s»il^?#i 


Vu:.    412. — P.VKT    OK    THE    SliCTKIN"   SHOWiN    IN    THK    I'KEIJEDIM;     FlIMRE    .MAfiMFIED 

200    DIAMETERS. 
Ill  the  bi'onchial  tulje,  the  ejiitiieliiini.  the  eireular  museuhir  tilii-e.s,  j^arts  of  iiiueoiis  glands  and 

two  small  pieces  of  eartiJage  ean  lie  seen.     The  eorru^'ations  of   the  niueous  membrane  are 

eavised  hy  post-mortem  i-ontraetion  of  the  cin;vilar  nuiscle. 

comiTiuiiieatc  ;  these  arc  the  inftmdihula  or  air-t<ws  (Waters).  Tiie  arrange- 
ment of  the  parts,  according  to  the  investigations  of  W.  S.  Miller,  is  as 
follows  :  Two  or  more  air-sacs,  or  groups  of  alveoli,  open  from  a  common 
chamber  {atrium),  and  three  to  six  atria  are  connected  with  the  ending  of 
an  alveolar  pa.s.sage.  The  latter  lead  out  of  the  respiraturij  bronchioles,  which 
are  expanded  continuations  of  the  smallest  bronchial  tuljcs. 

The  epithelium  changes  in  character  as  we  trace'  the  small  bronchi  into 
the  respiratory  bronchioles  ;  from  columnar  and  ciliated  it  becomes  cubical 
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and  uou-ciliated,  and  there  are  patches  uf  the  rexpiratory  epithehuin  (see 
below)  not  only  in  the  alveoli  which  occur  scattered  over  the  respiratory 
bronchioles  but  also  elsewhere  in  the  wall  of  the  latter.  The  plain  muscular 
tissue  of  the  small  bronchi  is  continued  as  a  distinct  layer  on  the  walls  of  the 
respiratory  bronchioles,  but  not  on  those  of  the  alveolar  passages  and  atria, 
although  some  muscle  cells  occur  round  the  mouths  of  the  atria  and  even  of 
the  alveoli. 

The  alveoli  are  lined  by  large,  irregular  tiatteued  cells  (fig.  41C),  which 
form  an  extremely  delicate  layer  {respiratorij  eplfheliuiu),  separating  the 
blood-capillaries  from  the  air  within  the  alveoli.      Amongst  the  flattened  cellrS 
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Fic:.    413. — >SiiCT]()N    (IF    A    SMALL    KKUNCHLAJj   TUBE    .AKD    AD.rOININr;    AL\'EOLL 
BABBIT.         X  300. 

are  here  and  there  groups  of  smaller  and  thicker  (cubical)  epithelium  cells. 
The  capillary  network  of  the  alveoli  is  very  close  (fig.  417),  and  the  capillary 
vessels  of  adjoining  alveoli  are  in  complete  continuity,  the  vessels  passing 
first  to  one  side  and  then  to  the  other  of  the  septa  which  separate  the 
adjacent  alveoli.  Outside  the  epithelium  a  thin  layer  of  connective  tissue 
(basement-membrane  l)  forms  the  wall  of  each  alveolus.  Elastic  fibres  are 
numerous  around  the  mouths  of  the  alveoli,  and  a  certain  number  course 
over  the  wall  of  each  alveolus  (fig.  418). 

Blood-vessels. — Brandies  of  the  pulmonary  artery  accompany  the 
bronchial  tubes  to  be  distributed  to  the  capillary  networks  upon  the  alveoli  ; 
from  these  networks  the  blood  is  returned  by  the  pulmonary  veins.  An 
arteriole  runs  with  each  terminal  bronchiole,  and,  dividing  into  as  many 
branches  as  there  are  atria  (fig.  415),  is  distributed  to  the  capillary  networks 
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iif  all  the  air-cells  with  which  the  bioiichiole  is  connected  (Miller).    From  these 
networks  one  or  two  venules   collect  the  blood,  usually  coursing   (indepen- 

«  h  c 


l'"l(;.    114. — (iEr.\TlNK    I'.SSTS    FROM    lA'^i:    OF    YOI-NO    I  -VT.       PhuTI  ri  ;KArHKIi  BY  KJirj.>:(_TEL> 

LIOHT.     Magnitied  75  diameters. 
The   [i;;iii-e  allows  (fi-oiii   Iclt   to  riij^ht);   (rt)  a  re^ipiratory  broin.-hiola,   it^  wall  liaft)>"  lifset  with  aheoli ; 
(?>)  part,  of  a  Lenniiial  t;roup  of  aheoli ;  (c)  two  or  three  terminal  ,i,'roup^i  of  ah  eoli  (infundiVjula  or  air- 
baes),  still  eojineeted  with  their  eominon  atrium. 


Fid.  415. — 1)i.\(;k.vm  or  the  E.siUNd  or  .\  r,R(jN(;Hl.\f.  rrBE.     (W.  8.  ililler.) 

/;,  terminal  lironchiole  ;    V,  vestil)nle  :  ^4,  atrium  ;  ,S',  air-sae  or  infnndil)vilum  ;  C,  air-cell  or  aheolus  ; 
P,  eiulinj,^  of  pnlnioiKUy  arteriole  ;  'J\  enmnieneemeiit  of  pulmonary  \eimle. 

(lently  of  the  arteriole)  on  tVie  outer  border  of  the  group  of  infundibula,  and 
unite  with  other  venules  to  form  efferent  veins.     The  venules  of  the  super- 
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ficial  lobules  are  connected  with  a  vascular  network  at  the  surface  of  the 
lung    underneath    the    pleura.      This    network    is    also    supplied    from    the 


Fri;.  41G.  —  Skctkin  ok  part  (if  C'at's  ut^c,  statnei>  with  mtr,\tf,  of 
SILVEK.      (Klein.)     Higlily  niagnitied. 

H.itli  tilt'  (.■nl'ii'ii]  anit  rlie  larg^e  flattened  rellx  ut  tlie  itKeoli  are  shown.     In  ttie  niiiiille  is  a  .^er-tiun 
of  a  small  lnoiirliiaj  tnlie,  with  a  fialfli  of  riihical  eintheliiini-iells  at  one  si.le. 


Fli:.     417. — SlCCTIIlN    (IF    IN.IKCTKII    T,rN(i,     Ifl'MAX,    INf'LT'DTN(  i    SFVEE.VL 

ciiNTiccdi's  .M.vEdi.i.     Magnified  3(10  diameter.?. 

bronchial  tirteries.     The  veins,  pursuing  a  separate  course  tlirough  the  tissue 
of  the  lung,  join  with  others  to  form  larger  vessels  which  pass  to  the  root  of 
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the  lung.  Branches  from  the  bronchial  arteries  are  distributed  to  the  walls 
of  the  bronchial  tubes,  and  to  the  cojinective  tissue  of  the  lung,  including 
that  of  the  pleura.  Bronchial  veins  accompany  the  bronchial  arteries  to  the 
larger  tubes,  but  most  of  the  blood  brought  to  the  lungs  by  the  bronchial 
arteries  is  returned  by  the  pulmonary  veins.  Connective  tissue  intervenes 
everywhere  in  small  quantity  between  the  infundibula  (interstitial  tissue), 
and  forms  a  distinct  layer,  containing  much  elastic  tissue,  covering  the 
surface  of  the  lung  underneath  the  serous  membi'ane  (subserous  tissue).  In 
some  animals  {e.g.   guinea-pig)  the  subserous  layer  contains  plain  muscular 


Fiii    418.  — EnsTTf^  FIBRES  OF  LUNG,   ST.4IXFD  WITH  ORCKIN'.     ilngnitied  200 

diameters. 


tissue,   which  is  especially  developed   near   the  lung-apex  ;  it  has   not  been 
detected  in  man. 

The  lymphatics  of  the  lung  accompany  the  bronchial  tubes,  the  liranches 
of  the  pulmonar}'  artery,  and  the  branches  of  the  pulmonary  vein  ;  they 
also  form  a  network  in  the  pleura.  The  atria  and  air-.sacs  have  no 
lymphatics  in  their  walls  (Miller).  The  bronchial  lymphatics  are  less  super- 
ficial than  the  corresponding  blood-vessels.  The  larger  tubes  have  two 
plexuses  ;  one  within,  the  other  outside  the  cartilages.  The  smaller  have 
only  one  set.  The  lymphatics  of  the  Ijronehi  are  connected  with  those  of 
the  arteries  and  veins  by  lateral  branches  curving  oif  at  the  divarications 
of  the  tubes  ;  at  these  points  there  is  usually  an  accumulation  of  lymphoid 
tissue.  The  larger  arteries  and  veins  have  two  accompanying  lymphatics, 
the  smaller  only  one.      All  the  lymphatics  tend  towards  the  hilus,  and  enter 
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lymphatic  glands  at  the  root  of  the  lung.  Those  in  the  pleura  have  been 
said  to  communicate,  by  means  of  stomata  between  the  epithelial-cells  of  the 
serous  membrane,  with  the  cavity  of  the  pleura  ;  this  connexion  is  denied 
by  Miller.  The  lymphatics  of  the  pleura  are  furnished  with  ]uimerous 
valves. 

The  pleura  which  covers  the  surface  of  the  lung  has  the  usual  structiu-e 


Frc.  419. — SectIOS    of    DKVEJX)PI.N'(i    LfNf;  (pig)  SHOWIM,    TUL    l.L.4>D  LIKE  CH.V1..VCTKK 

(IF  THE  riRowiN-c  p.KOKcuiAL  TUBES  AND  ALVEOLI.     (J.   M.  Flint.)      Magnified 
70  rlianieter.'i. 

a,  interstitial  enibryonio  connec-ti\e  tissue;  />,  lironctiial  tulje ;  c,  alspnli  ;  I,  lympii-c-lnfts ; 

'p,  pleviT'a. 

of  a  serous  membrane  (fig.  32-5,  p.  229).  As  ah'eady  mentioned,  it  is  provided 
with  a  special  network  of  blood-vessels,  supplied  parti}'  from  the  pulmonary 
vessels  of  the  superficial  lobule.s,  partly  from  the  bronchial  arteries. 

The  lung  is  developed  in  the  same  manner  as  a.  secreting  gland  (tig.  419),  to 
which,  up  to  a  certain  pei-iod  of  formation,  it  bears  a  close  resemblance.  Its  aheoli 
correspond  with  the  secreting  alveoli  of  a  racemose  gland,  and  tin-  rells  whioli  line 
them  are,  prior  to  the  introcluction  of  air,  of  some  thickness  and  nf  {ji'utoplasmic 
nature.  It  is  only  aftei'  the  organ  has  come  into  use  for  respiiation  that  thev 
acquire  the  thin,  flattened  scaly  appearance  which  must  nf  them  present  in  the 
adult  Inuij. 


304 


THE   ESSEXTIALS    OF  IirSTOLOGY 


LESSON   XXV III. 
STRUCTURE   AND    DEVELOPMENT   OF    THE   TEETH. 

1.  Study  frisl  witli  tlic  Idw  pnwer  and  aftf'i  waids  witii  tlie  liigli  jjuwer  a  longi- 
tudinal'sectimi  of  a  liiiniaii  tuotli  wliicli  lias  lii-rii  |jrc[jaied  liv  grinding.  It  i.s 
better  tu   puichase    tlii>!   .specimen,    foi'   the   proeess  of  pLepalation  is  difiicult  and 
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Fi*:.   4'Jf>.— VERTir'AT,  SE(  TTox  itF  A  TnoTTi   IN  STTT'.     (Waldeyer.) 

c  is  placed  in  tlie  ].iiil|>cavit.v,  opposite  the  (ervix  or  neck  of  the  tootli ;  the  part  ahove  is  the 
crown,  tliat   Iielow    i:^   the   root  (fang-).     7.  enamel  with  radial  and  concentric  niarking-s ;  ~', 

dentine  \\ith  tuljnii-s  and  inei'eniental  lines  ;  ,;,  cement  or  crnsta  petrosa,  with  hone  corpuscles  ; 
/,,  dcntul  pei'luKtcuiii  ;  ■■\  hone  of  lower  jaw. 
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tedious  without  the  aid  of  special  appaiatus.     Examine  carefully  the  enamel,  the 
dentine,  and  the  (.■enieiit.     The  dark  appeaiunce  of  the  dentinal  tubules  is  due  to 
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Fig.  421.— Suction  of  molar  tooth.     (Sobotta.)     x8. 
Ji',  enamel ;  Z),  dentine  ;  C,  cement ;  P,  pulp-cavit3'. 

their  containing  air  in  the  dried  specimen.  Measure  the  diameter  of  the  enamel 
prisms  and  of  some  of  the  dentinal  tubules.  Make  sketches  from  each  of  the 
tissues. 


3o6 


THE  ESSENTIALS   OF  HISTOLOGY 


2.  Section  of  a  tooth  in  situ,  which  has  been  decalciiied  after  fixation,  and 
stained.  In  this  section  the  mode  of  implantation  of  a  tooth,  as  well  as  the 
stnictui-e  of  the  puliJ,  can  be  [made  out.     Make  a,  general  sketch   under  a  low 
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Fig.  422. — Ckoss-seotion  of  koot  of  canink  tooth,  hdman.     (Sobotta.)     x  25. 
D,  dentine  ;  G,  its  granular  layer  ;  C,  cement ;  P,  pulp-cavity. 

power,  and  under  a  high  powei'  diuw  a  small  piece  of  the  pulp  showing  the 
processes  of  the  odontoblasts  extending  into  the  dentinal  tubules. 

3.  The  development  of  the  teeth  and  the  formation  of  theii'  tissues  are  studied 
in  sections  made  across  the  snout  and  lower  jaw  of  fretal  and  young  animals.  The 
preparations  may  be  stained  in  bulk  or  the  individual  sections  may  be  stained. 
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STKUCTUKE    OK    THE    TEETH. 

A  tooth  cuii.sists  iu  man  uf  tliree  (.-alcified  tissues  :  eitamel,  which  is  of 
epithelial  origin,  dentine,  and  crnir.nt  or  crusta  jietrtma.  The  dentine  forms 
the  main  substance  of  a  tooth,  the  enamel  covers  the  crown,  and  the  cement 
is  a  layer  of  bone  which  invests  the  root  (figs.  420  to  422). 

Enamel  is  formed  of  elongated  hexagonal //7'i,siK,s  (figs.  423,  424),  which 
are  set  vertically,  or  with  a  slight  curvature,  upon  the  surface  of  the  dentine. 
They  are  marked  at  tolerably  regular  intervals  with  slight  transverse 
shadings  producing  an  indistinct  cross-striated  appearance  (fig.  425),  Some- 
times coloured  lines  run  through  the  enamel 

across    the    direction    of    its    prisms.      The  ^ 

enamel  prisms  have  when  first  laid  down  a 
fibrous  structure,  but  this  becomes  obscured 
after  their  calcification  is  complete,  although 
it  can  occasionally  be  made  out  (fig.  42.'')). 
C  Tomes  has  shown  that  the  enamel  of  the 
fully  formed  tooth  contains  only  an  ex- 
tremely minute  proportion  of  animal  matter  : 
practicali)^  it  is  wdiolly  composed  of  earthy 
matter  (lime  salts). 

The  enamel  of  uiiwiirn  teeth  is  covered  liy 
a  very  thin  membrane  of  a  lioruy  nature. 
This  uiembi-ane  appeal's  to  l)e  the  lemains  of 
the  layer  of  cells  whicli  produced  the  enamel. 
It  is  known  as  Nasnuith'tt  memhrane  or  the 
cuticle  of  the  enamel. 

Dentine  is  constituted  of  a  hard  dense 
substance  like  bone,  but  containing  no 
Haversian  canals  or  lacuna?.  It  is  pierced 
everywhere  by  fine  canaliculi  (dentinal 
tuljules,  fig.  426),  radiating  outwards  from 
a  central  cavity  which,  during  life,  contains 
the  pulp.  The  tubules  branch  afc  acute 
angles  as  they  pass  outwards  ;  the  resulting 
tubules  become  gradually  finer  towards  the 
periphery  of  the  dentine.  The  main  tubules  give  off  along  the 
very  numerous  lateral  branches  which  extend  for  a  considerable  distance 
in  the  dentine,  and  as  they  proceed  Vjecome  of  alnio.st  immeasurable  fineness 
(Mummery).  To  exhibit  the.se  fine  ramu.scles  special  methods  of  staining 
are  requii'ed. 

The  tubules  have  a  proper  wall  of  their  own,  which  can  be  isolated  bv 
steeping  a  section  of  tooth  in  strong  hydrochloric  acid.  In  the  living  tooth 
they  are  occupied  by  protoplasmic  fibres  (Tomes'  fibres),  which  are  pi'olonged 
from  the  superficial  cells  ((idontoblasts)  of  the  pulp. 


Fni.  423. — Section  thkocou  tiik 

ENAMEL  of  A  TOOTH.     JJaguiHcd 

200  diameteis.     (Rauber. ) 

fl,  lirojectioii  of  dt'iitiiiL'.  .sliouiTi;;-  sdiiiL' 
of  its  tubules,  f>,  ]i(.-ii(.-t|-ati)ii,r  into  tlie 
'jiiaiiiel  ;  c,  r,  (.■iiiinit'l  tibre.s  out  loii^^i- 
tudinall\  ;  (/,  (/,  lU'i.sms  cut  traii.s- 
\oi'sely  ;  e,  outieic  of  tlit;  enamel. 
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The  iiitertubular  substance  appears  for  the  most  part  homogeneous,  but 
it  can  be  sliown  to  have  a  fibrous  structure  (see  next  page).      Indications  of 


Fii:.   42 1. — Enamej.  J'Kisms.     JIagnitied  35(1  diameters.     (Kolliker. ) 

.1,  Fray;nients  and  single  filtres  of  enamel,  i:Solated  by  the  aetion  of  li.^drochlorii'  acid. 
li,  Surface  of  a  .small  frap^ment  of  enamel,  showinj,^  the  hexaL^onal  ends  of  the  fibres. 


rn 


.1  -1'"^ 


Fig.   425. — Skltihn   oi''  enamkJ/  taken  AboNC  tue  niREf'TKiN   of  tiik   prisms. 

Magnified  about  9t)(J  diameters.     (From  a  preparation  lij-  Leon  AA'illiams.) 

The  pi'isnis  show  both  a  cross-striated  a})pcarance  and  a  loTj^^itildiiiai  fibrillation. 


the  fact  that  its  calcareous  matter  was  deposited  in  tlie  form  of  globules  can 
be  seen  in  various  parts.  This  is  particularly  the  case  in  places  where  the 
globular  deposit  was  imperfect;  the  spaces  (interglohnlar  spares)  left  lietween 
the  globules  then  produce  the  appearance  of  irregular  cavities  in  sections  of 
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macerated  tooth  prepared  by  grinding  and  mounted  dry.  Under  these  con- 
ditions the  cavities  are  occupied  by  air  only,  for  the  uncalcified  animal  matter 
has  been  desti-oyed  in  the  process  of  maceration.  Such  interglobular  spaces  are 
most  common  near  the  surface  of  the  dentine  immediately  within  the  crusta 
petrosa  where  they  give  a  granular  effect  to  the  section  {granular  layer, 


Fig.  426. 


Fifi.  427. 


Fig.  426.  — Section  of  fang  of  tooth,  parallel  to  dentinal  tubules.     Magnified 
300  diameters.     (Waldeyer.) 

1,  cement,  with  large  bone  lacunae  and  indications  of  lamellffl  ;  a,  granular  layer  of  Purkinje 
(interglobular  space.9) ;  .^,  dentinal  tubules. 

Fni.  427.— Section  across  dentinal  tubules.     Magnified  300  diameters. 

(Fraenckel.) 
1^  cut  across  ;  6,  cut  obliquely. 


fig.  426,  2,  and  fig.  422,  g).  But  they  are  also  well  seen  in  the  course  of 
certain  lines  or  clefts  which  are  seen  traversing  the  dentine  across  the 
direction  of  the  tubules  (incremental  lines,  fig.  420,  one  such  shown  magnified 
in  fig.  428).  After  decalcification  the  dentine  can  be  separated  into  lamellie 
along  these  incremental  lines. 

The  animal  matter  of  dentine  resembles  bone  and  the  connective  tissues 
generally  in  having  its  ground-substance  pervaded  by  fibres  which  yield 
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gelatine  on  boiling.  These  fibres,  which  have  been  especially  investigated 
by  V.  Ebner  and  Howard  Mummery,  are  difficult  of  demonstration  in  the 
fully  calcified  dentine ;  but  in  developing  dentine  and  in  dentine  which  is 


Fig.    428. — A  small  poetion  of  dentine  with  intebglobulae,  spaces. 
Magnified  350  diameters.     (KoUiker. ) 

c,  portion  of  incremental  line  formed  by  the  interglobular  spaces,  which  are  here  filled  up  by 
the  transparent  mounting  material. 


Od 


Od' 


Fig.  429. — Section  across  the  root  of  a  young  tooth  showing  the 
PULP  IN  situ.     (Rose.) 

P,  pulp;  F,  r,  veins;  A,  A,  A,  'arterioles;  N,  nerve  bundles;  Od,  columnar  odontoblasts  still 
depositing  dentine ;  Ori',  flattened  odontoblasts  which  have  ceased  to  form  dentine. 

attacked  by  caries,  they  are  more  easily  shown.     They  run  for  the  most  part 
parallel  to  the  surface. 

The  pulp  (fig.  429)  consists  of  a  soft,  somewhat  jelly-like,  connective 
tissue,  containing  many  branched  cells,  a  network  of  blood-vessels,  and  many 
nerve-fibres,  for  the  most  part  meduUated  but  some  non-medullated,  which 
pass  into  the  pulp-cavity  along  with  the  blood-vessels  by  a  minute  canal  at 
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the  apex  of  the  fang.  The  superficial  cells  of  the  pulp  form  an  almost 
continuous  layer,  like  an  epithelium  (fig.  42i,),  Od,  Od).  They  are  known  as 
odontoblasts,  from  having  been  concerned  in  the  formation  of  the  dentine. 
The  nerve-fibres  form  a  plexus  near  the  bases  of  the  odontoblasts,  and  from 
tjiis  plexus  numerous  fibi'ils  pass  to  the  dentine  and,  as  Mummerj'  has 
shown,  enter  the  dentinal  tubules  along  with  the  processes  of  the  odonto- 
blasts (fig.  4."i0),  and  pass  along  tlie  tubules  in  all  probability  for  the  greater 
part  of  their  extent. 

As  age  advani'fs  liuilulcs  nf  (leiitiiic  may  be  formed   in   tlie  interior  of  the  pnlp. 


Fk.'.     4.'-lO.      -PlIKI'AlLVTION    or    TOOTH     STATM;H     I'.V    A    !\nirHFIED    OOI.D    iMETHOIt 

sirnwiNc   NKKYK-Kirmrs   KNTKKiNc  TUK  iiKNT]:iE.     (.1.  HoMaiil  Mummer\ . ) 

Such  uodulfs  siinietinie^  cnclnse  bldOd-vessels,  and  tlins  give  tu  this  seccmdaiy 
dentine  an  a|jpc;iinnci-  lescmliling  liiino.  It  lias  been  on  tliat  aeeount  termed 
ost(^odeniine. 

The  crusta   petrosa  or  cement  (figs.   \i'2,  420)  is  a  layer  of  lamellated 

bone,   including    lacuna-    and   canaliculi,    liut    without    Haxersian   canals   in 

irormal  human  teeth.      Tt    is    co\ered    with   periosteinii    [di'iitid  pfrlosfeiim), 

which  also  lines  the  socket.      The  fibrous  Ijundles  of  this  periosteum   extend 

on  the  (me  side  into  the  crusta    petrosa,   on   the  other  into  the  bonv  wall 

of  the  socket  ff)i'  the  tooth,  and  thus  ser\e  to  fix  the  tooth  \prv  seeurelv. 

rtE\'KI.OI'MKNT    OF    THE    TEETH. 

The  devclopiment  of  the  teeth  has  a  general  similarity  to   that   of   the 

hairs.     Tlie   first   change    which   foreshadows    their    develojiment    takes   the 

form  of  a  ccuitinuous  tliickeniiig  of  the  epithelium  along  ti)e  line  of  the  gum  ; 

this  thickening  grows  into  the  cerium   of  tlie  mucous  membrane  to  form  the 
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^v^ 


'V 


V" 

"T 


/»t#ir 


Fig.  431. 

A.    Section  across  the  upper  jaw -of  a  fcetal  sheep,  3  cm.  long. 
(Waldeyer. ) 

i,  common  dental  lamina  dipping  down  into  the  mucous  membrane  where  it  is  half  surrounded 
by  a  horseshoe-shaped  more  dense-looking  tissue,  the  germ  of  the  dentine  and  dental  sac ;  .?, 
palatine  process  of  the  maxilla, 

B.  Suction  from  fcetal  calf  similar  to  that  shown  in  A,  but  passing 
through  one  of  the  special  dbutal  germs,  here  becoming  flask-shaped. 
(Rose.) 

rt,  epithelium  of  mouth,  thickened  at  6,  above  special  dental  germ  ;  c,  papilla  ;  d,  special 
dental  germ  ;  e,  enamel  epithelium  ;  /,  dental  sac. 

C  AND  D.  Sections  at  later  stages  than  A  and  B,  the  papilla  h.wino 
become  formed  and  ha\'in(i  become  partly  surrounded  by  the  epi- 
thelial germ.     (Kijlliker.) 

(.-,  epithelium  of  gum,  sketched  in  outline ;  /,  neck  of  dental  germ  ;  /,  enamel  organ  ;  e,  its  deeper 
columnar  cells ;  e',  projections  into  the  corium  ;  77,  pai^illa ;  it,  dental  sac  forming.  In  X*,  the 
dental  germ  (fp)  of  the  corresponding  permanent  tooth  is  seen. 

common  dental  germ  or  lamina,  fig.  431,  A.  At  regular  intervals  there 
is  a  further  thickening  and  growth  from  the  common  germ  into  the  tissue 
of  the  mucous  membrane,  each  of  these  special  rudiments,  which  are  ten 
in  number,  swelling  out  below  into  a  flask-shaped  mass  of  cells,  the  special 
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dental  germ  (fig.  431,  B)  of  a  milk-tooth.  The  intermediate  parts  of  the 
dental  lamina  long  remain,  forming  a  common  epithelial  strand  uniting  the 
several  .special  dental  germs  to  one  another,  and  to  tlie  epitheliniii  covei'ing 
the  gLim  (fig.  4.''il,  C,  D,  /').  A  vascular  iKtpilld  is  continued  from  the  coi'ium 
into  the  bottom  of  each  .special  germ  (fig.  4.11,  C,  1),  /))  ;  this  papilla  has  the 
shape  of  the  crown  of  tlie  future  tooth.  Kach  special  dental  germ,  witli  its 
included  papilla,  presentlv  l:iecomes  almost  entirely  cut  off  fi-om  the  epithelium 
of  the  miiuth,  anfl  surrounded  by  a  vascular  membrane  —the  dental  sac.      The 


Fn;.  43'2. —Skctiox  nr  a  DEVKrnrixc   incishi;  Tonrii   hk  a   ucm^n   kmi;kvo. 
(l-;ri:«-!.)     The  skctuin   aj.sh  incm'hes  thk  ckrm  hk  riiK  aimaien-i'  thii'i'm. 

1>K,  ileiilai  papilla ;  ("h  odontoblasts  ;  /',  lioiie  ot  ja\)' ;  f.  ''',  outer  ainl  inner  hners  ol'  enamel  ov^an  ; 
^P.  enamel  pulp;  (/../'.,  dental  furrow;  c,  remains  of  common  dental  ^erm  or  lamina;  7i, 
neek  or  liridtre  of  eell.s  conneetiuf,'  this  with  the  enamel  or^^an  ;  y;/.''.,  mouth-epithelium  ;  e'\ 
enamel  oriran  of  adjaoent  tooth-,L.'erni  ;  r.  reserve  irerm  of  permanent  tooth. 

papilla  becomes  transformed  into  the  dentine  and  pulp  of  the  future  tooth, 
and  the  enamel  is  depo.sited  upon  its  surface  by  the  epithelial-cells  of  the 
dental  germ.  The  root  of  the  tooth,  with  its  co^'ering  of  cement,  is  formed 
at  a  later  period,  when  the  tooth  is  beginning  to  grow  up  through  the  gum, 
by  a  gradual  elongation  of  the  base  of  the  papilla.  The  shaping  of  this  into 
the  form  of  the  root  is  determined  by  a  growth  of  the  epithelium  of  the  edge 
of  the  enamel  germ,  which  extends  in  the  form  of  a  fold  (the  ejiltheliaJ  sheath 
of  V.  Brunn)  towards  the  future  apex  of  each  fang. 

Formation  of  the  enamel.  —  Before  the  enamel  appears,  the  dental  germ 
undergoes  a  peculiar  transformation  of  its  previously  polyhedi-al  epithelium- 
cells  into  three  layers  of  modified  cells,  fig.  4.'i-J.  One  of  these  is  a  layer 
of  columnar  cells  (aitielohlaxts,  fig.  433,  a),  immediately  covering  the  surface 
of  the  dentine.  The  ameloblasts  form  the  enamel  prisms  :^  the  latter  are 
preceded  by  a  fibrous  formation  (fig.  434,  /)  followed  by  a  deposition  of 
calcareous  salts  in  the  form  of  small  globules.  These  changes  take  place 
altogether  external  to  the  formative  cells  or  ameloblasts.     The  cells  next  to  the 
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dental  sac  form  a  single  layer  of  cubical  epithelium  (fig.  432,  e).  Nearly  all 
the  other  cells  of  the  dental  germ  become  transformed  into  branching  corpuscles 
(fig.  432,  SF ;  fig.  433,  p)  conuiiunicating  by  their  processes,  and  forming  a 
network.     The  dental  gerui,  thus  modified,  is  known  as  the  enamel  organ. 

Formation  of  the  dentine. — This  is  formed  by  calcification  of  the  surface 
of  the  papilla.  At  this  surface  there  is  a  well-marked  \a,y^i-  of  odontoblasts 
(fig,  43.5,  od  ;  fig.  436,  r).  These  produce  a  layer  of  fibrillated  dentinal  matrix 
which  forms  a  sort  of  cap  to  the  papilla,  and  soon  becomes  calcified  by  the 
deposition  of  globules  of  calcareous  matter.  Processes  of  the  odonto- 
blasts  remain    in  the  dentine  as   it  is  forming ;    in   this   way   the   dentinal 
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Flc.    431. 


r 
rT(,.  us. 

Fill.     4S?.. — Skc'I'KIN     SIKIWINC    TTIE    STKUCTURF.    OF    THE    r.\RT    OF     THE    ENAMKl, 
(IKIIAN     WHIrll    IJES    NEXT    TO    THE    DENTINE.       (Riise.) 

(/.dentine;  f.  ne\v].\    tuniieil  en.aiiie]  st;^iiied  black-  by  osniie  nr'ul:  7",  Tomes'  processes  from  the 
amelohlasts,  a  ;  ^li\  nif.,  slratiim  iiiterniediuni  of  enamel  nr<,'an  ;  p,  branched  cells  of  enamel 

lHll]l. 

Fill.  4H4. — I)E\'KL(>riN'(;  knamei.  show  inc  AMEr,oi;i,ASTS  and  the  Fir.Rurs  srp.STAXCE 

I'KUIU'f'EIJ    BY    THESE    lEI.l.S,    WHIf'H    FIlHMS    THE    J'.ASIS    l>F    THE    ENAMEL    PRISMS. 

(From  a  photograph  by  Leon  William.';.) 

n,  portions  of  tlie  ameloblasts ;  /',  tibi'ous  basis  of  enamel  pi'isms  ;  t'.  calcifiod  jtart  of  enamel. 


tubules  are  produced.  Subsequently  a  second  layer  of  dentine  is  formed 
within  the  first  bj'  a  repetition  of  the  same  process  (fig.  436),  and  others 
succeed  tliis  so  that  the  papilla  gradually  becomes  calcified.  A  part,  how- 
ever, remains  unaltered  in  the  centre  of  the  tooth,  and  with  its  covering  of 
odontoblasts  forms  the  pulp. 

The  ten  milk-teetli  are  i)roduced  in  each  jaw  in  the  manner  described. 
These,  however,  become  lost  within  a  few  years  after  birth,  and  are  replaced 
by  permanent  teeth  in  much  tlie  same  way  tliat  a  new  succes.siou  of  hair 
occui-s.  A  small  outgrowth  takes  place  at  an  early  period  from  the  dental 
germ  close  t(j  eacli  of  the  milk-teeth  (fig.  431,  D,  /p)  ;  this  eventually 
becomes  the  germ  of  the  corresponding  permanent  tooth.  Tt  gradually 
enlarges,  acquires  a  papilla,  forms  an  enamel  organ  :  in  shoi't,  passes  through 
the  same  phases  of  development  as  the  germ  of  the  milk-tooth  ;  and  when 


TOO  rH-DFA'ELOPMEXr 


3>S 


the  milk-tooth  (h-ops  out  of  the  jaw  in  con.sei(uence  of  the  absorption  of  its 
roots  (by  osteoclasts)  the  permanent  tooth  grows  up  into  its  place. 

There  are  six  permanent  teeth  in   each  jaw  which  do  not  succeed  milk- 
teeth  ;    these    are    the    permanent    molars.      They    are    developed    from    an 


Fic.   4.35. — P\t:t  of  a   si'.ittdn   hf  tievft.opini;   tihitii   of  vv:.      (v.  Koift. ) 

o.  ainel.jlila-its;  <1,  lilives  cif  tlir- firsl,  fdrim'il  layei' cif  ileutiiu- ;  u,\,  fnhHitnl, lasts  ;  y).  iail|i.     Thefilires 
<.it  tile  l.ul)i  are  seen  to  he  ill  eoiltitliut,\    wiDl  tlluse  which  el  lief  ilMci  tile  toriliation  Cit  the  i  ten  tine. 


Fri).     436. — I'.IRT    (JF    SF.CTTON    (IF    DEVRIJll'INC    TOOTH    OF    YOI'XII    K.AT,    RUOWIMI 

TJiF  -MODE  OF  DEPOSITION  OF  TitE  DENTINE.     Highly  magitilied. 

«,  outei'  layer  of  fully  calcified  dentine  ;  />,  uncalcined  matrix,  with  a  few  imdules  of  calrareons 
matter;  c,  odontoblasts  witli  proces.ses  extendinij:  into  the  dentine;  (/.  I'ulp.  The  section 
beinj^r  stained,  the  iincalcified  matrix  is  coloured,  but  not  the  calcified  jiart. 

e.xtension  backwards  on  each  side  of  the  jaw  of  the  original  epithelial 
thickening  or  common  dental  germ  and  by  the  down-growth  from  this  into 
the  corium  of  three  successive  special  germs  at  eompaiati\ely  long  intervals 
of  time.  FrcDii  these  special  germs  tlie  tissues  of  the  permanent  nuilais  Ite- 
oome  formed  in  ti  manner  exactly  similar  to  that  in  which  the  milk-teeth  are 
developed. 
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LESSON  XXIX. 

THE  TONGUE  AND  THE  GUSTATORY  ORGANS.  THE 
MUCOUS  MEMBRANE  OF  THE  MOUTH.  THE 
PHARYNX  AND  CESOPHAGUS. 

1.  Sections  of  the  tongue  vertical  to  the  surface,  stained  with  hajinatoxj-lin  and 
eosin.  The  sections  should  be  taken  from  diffei'ent  parts  and  include  all  three 
,kinds  of  papillse. 

•2.  Sections  of  injected  tongue. 

.3.  Sections  of  the  papilla  foliata  of  the  rabbit,  stained  with  hsematoxylin  and 
eosin  :  these  show  taste-buds  in  situ. 

The  cells  composing  the  taste-buds  ai-e  studied  by  teasing  osmic  preparations  of 
the  papilla  foliata  ;  the  nerve  endings  are  seen  in  sections  of  papillsE  foliatK  which 
have  been  treated  by  Golgi's  osmic-bichroniate- silver  method. 

4.  Sections  of  the  pharynx  and  of  the  oesophagus  stained  with  hfematoxylin 
and  eosin. 


THE   TONGUE. 


The  tongue  is  mainly  composed  of  striated  muscular  fibres,  running  some 
longitudinally,  others  transversely.  It  is  covered  by  a  mucous  membrane, 
the  epithelium  of  which,  like  that  of  the  rest  of  the  mouth,  is  thick  and 
stratified,  and  conceals  microscopic  papillae  (fig.  437)  like  those  of  the  skin. 
Besides  these,  the  upper  surface  of  the  organ  is  covered  with  large  papillje, 
which  give  it  a  rough  appearance.  These,  which  are  termed  the  lingual 
papillce,  are  of  three  kinds :  (I)  About  twelve  or  thirteen  comparatively 
large  circular  projections,  each  of  which  is  surrounded  by  a  narrow  groove 
(fossa),  external  to  which  the  mucous  membrane  is  raised  above  the  general 
level  (vallum).  These  papillae  lie  in  a  V-shaped  line  with  the  apex  of  the 
V  towards  the  back  of  the  tongue;  they  receive  filaments  of  the  glosso- 
pharyngeal nerve,  and  have  taste-buds  in  the  epithelium  which  covers  their 
sides,  and  (in  man  but  not  in  most  animals)  in  that  of  the  side  of  the  vallum. 
They  are  known  as  the  circumvallaie  papilloi  (figs.  438,  441).  (2)  All  the 
rest  of  the  papillary  surface  of  the  'tongue  is  covered  by  conical  pa/pillm,  so 
named  from  the  conical  pointed  cap  of  epithelium  which  is  borne  by  each ; 
sometimes  this  cap  is  fringed  with  fine  epithelial  filaments,  when  they  are 
termed  filiform  (fig.  439).  In  the  cat  tribe  the  conical  papillse  are  claw- 
shaped  or  recurved  :  they  are  hard  and  horny,  and  in  the  process  of  licking 
they  produce  the  effect  of  scraping.  (3)  Scattered  here  and  there  amongst 
the  conical  papillse  are  larger  papillse,  the  fungiform  (fig.  440).  These  are 
very  vascular,  and  have  a  redder  appearance  than  the  rest :  they  lie  partly 


THE    TONGUE 
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Fill.    437. — Skctkjn    of 

Mrcor.s  MEMDKANE 

OK  MOUTH,  SHOWINt; 
THKEE  SIIOKO.SUOI'IC 
I'Al'CEL.E  AKll  .STKA- 
TIKIELI         EI'lTIIEi.ir^r. 

The       i:i.oo1)-\essbes 

HAVE    1;EEN    IN.IEt'TEll. 

(Toldt. ) 


Fid.    438.  —  Section    ok   cikcumvaJjLate    i'af'Ili.a, 
iiUiM,\N.      The   fhhre    iNcErioos   one   sioe    ok 

THE    l',\IMJ,E.\     AiNMI    THE    .MMOiNljNO      KART    I H'    THE 

VAij.i'M.    iMagnitiecl  150  diameters.    (Heitzniann. ) 

7:',  eiiit.licliiiiii  ;  ^V.  ta^^tc-lmd  ;  r,  forhini  witli  injected 
l.l.jiirt-xtsself,;  Jf,  L'liiil.l  witli  .iuet. 


Flo.  439. — Seotiox  ok  two  kii.ikokii 

I'.M'iEL.E,   iiKMAN.     ( Heitzinaiui. )  Fh:.  440.  — Sectio.n   ok  kinoikokm  lArii.i.A, 

A',.epitlieliu.n;  C.rorunn;  /..lymphoid  IIKMA.N.        (Heity.niauii. )       LeUer.'^    as    in 


tissue:  M,  niiisr:u]ar  til)res  of  toiij^'ue. 


previous  hgure. 


embedded  in  little  depression.s  of  the  mucous  membrane.  They  have  a 
certain  number  of  taste-burl.s  in  their  epithelium  and  receive  branches  from 
one  or  other  of  the  taste-nerves. 


luS 


THE   ESSENTIALS    OF  HISTOLOGY 


Small  tubular  glands  may  be  seen  between  the  superficial  muscular  fibres 
sending  their  ducts  to  the  surface.  Most  of  these  glands  secrete  mucus,  but 
those  which  open  into  the  trenches  of  the  circumvallate  papillije,  and  a  few 
others  elsewhere,  yield  an  albuminous  secretion  {serous  glands  of  loiu/ae, 
(jlaiids  of  Ebu,er). 

The  mucous  membrane  at  the  back  of  the  tongue  contains  a  large  amount 


n 


oO  diamcleis. 


NKLi       Ma  I   I  e  1 


Notice  the  irrci.ni]ai-ly  i>apiilated,  flat  siirfacu  of  the  papilla:  the  deep  treiieh  suiTOUiidiii^f  it :  the 
tajite-Iiufls  ill  the  epitheliiini  at  the  sides  of  the  pajjilla,  hut  none  on  the  opposite  side  of 
the  trench  :  the  serous  j^lands  helow  it  (the  duet  of  one  of  these  is  seen  openinj;  into  the 
bottom  of  the  treiieh). 

of  lymphoid  tissue,  continuous  with  that  of  the  tonsils  (p.  211)  and  having 
a  similar  arrangement  and  structure. 


TASTE-BUDS. 

The  minute  gustatory  organs  which  are  known  as  tasie-bvds  or  taste- 
bulbs  may  be  seen  in  sections  which  pass  through  the  papillic  vallata>  or  the 
papilL'e  fungiformes ;  they  are  also  present  here  and  there  in  the  epithelium 
of  the  general  mucous  membrane  of  the  tongue,  especiallj'  at  the  back  and 
sides,  and  some  are  found  upon  the  under  surface  of  the  soft  palate,  and  on 
the  posterior  surface  of  the  epiglottis.  But  they  are  most  easily  studied  in 
the  papillse  foliatw  of  the  rabbit  (fig.  4-1:2),  two  small  oval  areas  lying  on  each 
side  of  the  back  of  the  tongue,  and  marked  transversel}-  w-ith  a  number  of 
ridges    or    lamiine   witli   intervening   trenches.      Sections    across    the    ridges 
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show  numerous  ta,ste-bud,s  embedded  iu   the  thick  epithelium  which  clothes 
their  sides  (fig.  443). 

r 

» _ 

IB 
Fig.  442. — Toniuie  or  kahlut,   suhxmnc  tiik   sn-rATioN   nF  the  v\v\)a,.y.  toliaive,  y). 
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Fn:.   44.3. — Vektic.\e  .sei'TIhn   hk   I'.ii'Ii.la  eomata   m--  the   haI'.iut,   passing 
Ai.'ROSs  THE  EiiLi.E.      (Ranvier.) 

}i,  central  laiiiiii.T  of  the  loriuni;  '",  surtion  of  a  \tin,  whicli  Ira\ei'ses  the  hiliuni  ;  p'  lateral 
lamina  in  which  tlie  ncr\e-lihres  run  ;  //,  ta^te-hud  ;  /;,  seetions  of  ner\  e-liiuHlles ;  a,  .serous 
gland. 


'm%  '  * 


t  V 


,©.' 


Fig.  444. — A  I'A.sTE-ncu  within  the  stkaTiHed  ei'itheehim  gf  the  tongue, 

(SuVioLta. )     Magnified  oOO  diaineter.s. 

0,  t,''nstatory  eell.s  ;  .s,  suslentacular  eell.s  ;  C]\  epithelium:  p,  L,nistatory  pore;  //,  hairlet.s. 
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The  taste-buds  are  ovoid  clusters  of  epithelium-cells  which  lie  in  cavities 
in  the  stratified  epithelium  (fig.  444).     The  base  of  the  taste-buds  rests  upon 


Fk;.  445. — Vakious  CMhXS  from  taste-bdd  or. babbit.     (Engelmiinn.) 
600  diameters. 

a,  four  gustatory  cells  from  central  part ;  &,  two  sustentacular  cells,  and  one  gustatory  cell,  in 
connexion  ;  c,  three  sustentacular  cells. 


the  corium  of  the  mucous  membrane,  and  receives  a  branch  of  the  glosso- 
pharyngeal nerve ;  the  apex  is  narrow  and  communicates  with  the  Qavity  of 

the   mouth   by  a  small  pore  in  the  superficial 
epithelium  {gustatory  pore,  fig.  444,  p). 

The  cells  which  compose  the  taste-bud  are 
of  two  kinds,  viz.  :  1.  The  gustatory  cells  (fig. 
445,  a).  These  are  delicate  fusiform  or  bipolar 
cells  composed  of  cell-body  or  nucleated  enlarge- 
ment and  of  two  processes,  one  distal,  the 
other  proximal.  Of  these  the  distal  is  nearly 
straight,  and  passes  towards  the  apex  of  the 
taste-bud,  where  it  terminates  in  a  small,  highly 
refracting  cilium-like  appendage  {taste-hairht), 
which  projects  into  the  gustatory  pore  above 
mentioned ;  the  cell-body  does  not  itself  quite 
reach  the  pore.  The  proximal  process  is  more 
delicate  than  the  other,  and  is  often  branched 
and  varicose.  The  nerve-fibres  to  the  taste-bud 
(fig.  446)  terminate  in  ramifications  amongst 
these  cells  (G.  Retzius).  2.  The  sustentacular 
cells  (fig.  445,  c).  These  are  elongated  cells, 
mostly  flattened,  and  pointed  at  their  ends ; 
they  lie  between  the  gustatory  cells,  which  they 
thus  appear  to  support,  and  in  addition  they 
form  a  sort  of  envelope  or  covering  to  the  taste-bud.  Between  the 
cells  of  the  taste-bud  lymph-corpuscles  are  often  seen,  having  probably 
wandered  hither  from  the  subjacent  mucous  membrane.     Connective-tissue 


Vit;.  446. — Nekve-knjjis<js in 
TASTE-mms.     (G.  Retzius.) 

71,  ner\  e-fihrcs ;  b,  taste-buds  in 
outline ;  /,  ending  of  fibrils  with- 
in taste-bud;  p,  ending  in  epi- 
thelium between  taste-buds;  s, 
sulcus  of  papilla  foliata  into  which 
the  gustatory  pores  open. 
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fibrils  penetrate  between  tlie  taste-bud  and  the  stratified  epithelium  in  which 
it  is  embedded  (Dra.sch). 

According    to    M.    Heideiiliain    no    sharp    distinction    can    be   drawn    between 
gustatory  and  susteiitacular  cells,  since  all  grades  of  transition  are  found. 


MIH"J'I(,    rii.UtVNX    ANli    (I'.Sfil'lIAilUK. 

The  mucous  membrane  of  the  mouth  is  lined  b)-  a  stratified  epithelium 
(fig.  447)  into  which  vascular,  and,  in  some  parts,  nerve-containing  papillie  of 
the  corium  project.  The  cerium  is  formed  of  connective  tissue  and  contains 
within  anil  beneath  it  a  large  number  of  small  secretory  glands  (Ijuccal 
glands).  Most  of  these  secrete  mucus,  Init  some  are  of  the  mixed  type  (see 
under  Salivary  Glands,  in  next  Lessoii)  :  this  is  the  case,  foi'  example,  with  the 


Fio 
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447. — SniTrOX    of    TTIK    STKATIFTEU    ErlTHELiriM    of    the    FArCES    OF    THE 

KAi;i:iT.      Jlagnified  240  diameters. 


glands  (jf  the  lips.  The  ducts  of  the  buccal  glands  open  everjnvhere  upon 
the  surface  of  tlio  mendsranc  ;  the  large  ducts  belonging  to  the  salivary 
glands  are  also  open  intf)  the  moutli. 

The  pharynx  is  composed  of  a  Jilinrns  memhrane  which  is  encircled  by 
striated  muscles  (the  const r'u-lors),  and  lined  by  mucous  mcnihrane  witli 
which  the  fibrous  mendjrane  is  connected  by  areolar  tissue.  The  mucous 
membrane  is  covered  on  its  inner  surface  over  the  upper  part  of  the 
pharynx  wdth  ciliated  epithelium  ;  this  is  continuous  above  with  that  of  the 
nostrils,  and  through  the  Eustachian  tube  with  that  of  the  tympanum. 
Below  the  level  of  the  soft  palate  the  epithelium  is  stratified  like  that  of  the 
mouth  and  gullet,  into  which  it  passes.  In  certain  parts  the  mucous 
membrane  contains  a  large  amount  of  lymphoid  tissue,  and  everywhere 
numerous  mucous  glands  open  fin  its  surface. 
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The  (Esophagus  or  gullet,  which  passes  from  the  pharynx  to  the  stomach, 
■  consists  of  an  outer  fihiums  or  at-folar  coivring,  a,  vmscular  coat,  a  lining 
'iiiucmif:  iiiemhraiie,  and  intervening  connective  tissue  forming  the  ftuhmucons 
or  areolar  roat  (fig.  448),  The  muscular  coat  is  composed  of  striated  muscle 
in  about  its  upper  third  only,  the  rest  being  of  the  plain  varietj'.  There 
are  two  layers  of  the  muscular  coat — an  outer  layer,  in  which  the  bundles 

of  fibres  run  l(mgitudinally,  and  an 
innei',  in  which  they  have  a  circular 
arrangement.  The  mucous  membrane 
is  lined  by  a  stratified  epithelium, 
into  which  papilbe  from  the  corium 
project.  The  corium  is  formefl  of 
areolar  tissue  :  its  limits  are  mai-ked 
exteniallv  by  a  narmw  layer  of  longi- 
tudinally disposed  plain  muscular  fibres, 
the  miisciiJarlg  mafoao'.  This  is  separ- 
ated fiom  the  proper  muscular  coat  by 
the  areolar  coat,  which  contains  the 
larger  branches  of  the  blood-vessels  and 
lymphatics,  and  also  the  mucous  glands 
of  the  menilirane.  The  ducts  of  these 
glands  are  large  and  usually  pass 
through  a  nodule  of  lymphoid  tissue, 
lymph-cells  from  which  infiltrate  the 
epithelium  of  the  duct  and  may  pass 
out  into  its  lumen. 

Besides  these  mucous  glands,  there 
are  met  with  both  at  the  upper  or 
laryngeal  part  of  the  o'sophagus  and 
at  the  lower  or  cardiac  end  a  certain 
number  of  small  tubulo-raeemose  glands 
of  a  different  character.  They  are 
confined  to  the  mucous  membrane, 
not  penetrating  the  muscularis  mucosa;,  and  their  ducts  open  upon  and 
not  between  the  papilla  of  the  mucous  membrane.  They  closely  resemble  the 
tubulo  racemose  cardiac  glands  of  the  stomach  (see  fig.  466,  p.  .S33),  and 
it  is  usually  found  that  the  epithelium  of  the  surface  in  the  immediate 
neighbourhood  of  their  ducts  is  similar  to  that  lining  the  stomach. 

There  are  two  ganglionated  nerve-plexuses  in  the  lesophagus,  one  in  the 
muscular  coat  and  one  in  the  submucous  coat  ;  they  resemble  in  position  and 
structure  those  of  the  intestine, 


Fic.  44,S.— Secttiin- 
rKSdi'U.-ictJS.      (v 


JF    THK    UVMAN 

Hor.slej-. ) 


The  st(;tion  is  transverse,  and  frnni  near  the 
middle  of  the  ^'uUet,  ii,  fibrous  covering; ; 
b,  divided  filires  of  the  longittidinal  mus- 
cular ooilt ;  c,  transverse  niu.soular  fibres  ; 
rf,  suhniucous  or  areolar  layer  ;  f,  nuis- 
eularis  niueosse ;  /,  mucous  nieml)rane 
with  papillic :  (J  laminated  epithelial 
lininj?:  /(,  mucous  jflaud  ;  (',  gland  duct; 
III' ,  striated  muscular  fibres  in  section. 


LESSON  XXX. 
THE  SALIVARY  GLANDS. 

1.  Section  of  submaxillary  gland  (dog).  The  gland  may  be  hardened  in  alcohol 
or  formol  and  stained  with  hsematoxylin-eosin  or  with  iron-hsematoxylin  by 
Heidenhain's  method.  Notice  the  acini  filled  with  clear  (mucus-secreting)  cells, 
the  nuclei  of  which  usually  lie  near  the  basement-membrane.  Notice  here  and 
there,  outside  the  clear  cells,  demilunes  or  crescents  of  small  darkly  stained 
granular-looking  (serous)  cells.  Observe  also  the  sections  of  the  ducts  with  theii' 
striated  columnar  epithelium.  If  possible  find  a  place  where  one  of  the  ducts  is 
passing  into  the  alveoli.     Sketch  under  a  high  power. 

2.  Study  sections  of  parotid  and  sublingual  glands  prepared  in  a  similar  way, 
and  notice  the  differences  between  the  three  glands. 

3.  Examine  small  pieces  of  both  submaxillary  and  parotid  gland  of  the  dog  or 
oat  fresh  in  2  per  cent,  salt  solution.  In  the  submaxillary  gland  notice  that  the 
alveolar  cells  are  swollen  out  with  large  granules  or  droplets  of  mucigen,  which 
swell  up  in  water  to  form  large  clear  vacuoles.  Dilute  acids  and  alkalies  produce 
a  similar  change,  but  more  rapidly.  The  cells  of  the  parotid  gland  are  also  filled 
with  granules,  but  they  are  smaller.  Their  granules  are  swollen  up  and  dissolved 
by  dilute  acids  and  alkalies.  Make  a  sketch  from  each  preparation  under  a  high 
power. 

The  granules  are  not  seen  in  preparations  that  have  been  in  alcohol,  but  osmic 
acid  preserves  them  moderately  well  ;  they  are  well  seen  in  sections  from  picric 
acid  hardened  glands. 

4.  To  study  the  changes  which  .the  alveolar  cells  undergo  during  secretion, 
pilocarpine  is  administered  to  an  animal  in  sufficient  amount  to  produce  copious 
salivation  ;  after  half  an  hour'  the  animal  is  killed  and  its  salivary  glands  are 
examined  as  in  §  3. 

The  salivary  glands  may  be  looked  upon  as  typical  of  secreting  glands  in 
general.  They  are  composed  of  a  number  of  lobules  bound  together  loosely 
by  connective  tissue.  Each  small  lobule  is  formed  of  a  group  of  irregularly 
saccular  or  tubular  alveoli  or  acini  from  which  a  small  duct  passes,  and  this 
unites  with  others  to  form  larger  ducts.  A  main  duct  eventually  leaves  the 
gland  to  open  upon  the  inside  of  the  mouth. 

The  alveoli  are  enclosed  by  a  basement-membrane,  which  has  flattened 
branched  cells  on  its  inner  surface,  next  to  the  epithelium  (fig.  449).  The 
membrane  may  be  shown  by  teasing  the  fresh  gland  substance  in  water 
(Langley).  This  basement-membrane  is  continued  along  the  ducts.  Within 
it  is  the  epithelium,  which  in  the  alveoli  is  composed  of  polyhedral  cells  (fig. 
450,  a),  but  in  the  ducts  is  regularly  columnar,  except  in  that  part  of  the 
duct  which  immediately  opens  into  the  alveoli  (junctional  part) ;  in  this  it  is 
flattened  (d).  The  columnar  epithelium  of  the  ducts  is  peculiar,  in  that  the 
cells  show  a  distinction  into  two  unequal  zones,  an  outer,  larger,  striated 
zone,  and  an  inner,  smaller,  granular  one  (fig.  450,  d). 
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The  cells  of  the  alveoli  differ  aecording  to  the  suhstaiice  they  secrete.  In 
aheoli  which  secrete  nuieii.s,  such  as  those  of  most  of  the  smaller  glands 
which  0])eii  on  the  mucous  membrane  of  the  mouth,  and  contribute  to  the 


Fio.  449. — Memer.\n.\  froi'RT.\  or  two  alveoli,     (v.  Elmer.) 

Magnified  fiOO  diameters. 

The  preparation  was  from  a  mucous  t^danfl  of  the  raljbit. 

production  of  .saliva  (fig.  4.51),  and  some  of  the  alveoli  f)f  the  submaxillarj' 
and  sublingual  glands,  the  cells,  if  examined  in  normal  saline  solution  or 
after  hardening  with  alcohol,  are  clear  and  swollen.     But  if  examined  rapidly 


Fill.  4")0. — Kkctton  (IF  THE  srr.^rvxiLr.ARY  cland  iir  the  om;,  shu\vix<i 
TTiE  COMMENCEMENT  OF  A  DUCT  Tx  THE  ALVEoi,!.     Magnified  42o  diaiiieter.s. 

a,  one  of  the  iil\  eoli,  se\'eral  of  which  are  in  the  section  shown  g^rouped  around  tlie  eonmiencenient  of 
the  duet,  d' ;  a' ,  an  alveohis,  not  opened  by  the  section  ;  b,  basement-meml)rane  in  section  ; 
r,  interstitial  coimective  tissue  of  the  ^land  ;  </,  section  of  a  duct  which  has  passed  away  from 
the  alveoh,  and  is  now  lined  with  characteristically  striated  columnar  cells;  .v,  crescentic 
jrron]t  of  darkh-  stained  cells  at  the  ]>eripher.\'  of  an  alveolus. 

in  serum,  or  in  solutions  of  salt  of  from  2  to  5  per  cent.,  they  are  often  seen 
to  be  occupied  by  large  and  distinct  granules  (fig.  452,  a)  (Langley)  which 
become  swollen  up  under  the  influence  of  dilute  acid  (h)  These  granules  can 
also  be  rendered  visilile  by  certain  methods  of  staining.     Granules  are  not 


THE    SALn'ARY   GLANDS 


325 

present  as   such    iu    till   mucus-secreting    cells,    but    in    many  have    become 
blended    together    and    transformed    into   a   sulsstance    which   is    known   as 


Fiii.   451. — Section  of  a   mccocs  sali\'aky  olanu  (oNii  of  the  smajj,  oj^a^jjis 

OF  THE  EuccAL  .MUCOUS  MEMBRANE).     Magnified  200  dianieter.s. 

In  the  middle  of  the  (ij^ure  is  seen  the  seetioii  of  a  dnet. 

iiiuciijen  which  distends  the  cell.     The  mucigen  is  dissolved  out  and  discharged 
as  muciiti  into  the  lumen  of  the  alveolus  and  into  the  ducts,  when  the  "land 


Flo.   452.— Jlucors  cells  fkom  fkksii  siir„MA\ii,i.AUY  ci,am)S  of  the  ijoi.. 

(Laiigley.) 

a,  from  a  lestiiif  or  loaded  ^'hmd  ;  h.  from  a  fjland  whieh  has  heej]  sei-retiiitr  for  some  time  ; 
n,'  I/,  similar  eells  whieh  ha\  e  lieen  treated  with  dilnte  acid. 

is  stimulated  to  activity.  After  such  discharge,  the  cells,  instead  of  having 
a  clear  appearance,  look  finely  granular,  and  are  much  smaller  ;  they  also  stain 
more  deeply  with  htematoxylin  (compare  figs.  453  and  454).     These  cells  are 
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known"  as  murons  ceJlft.  But  in  most  nuic(jus  alveoli  certain  of  the  cells 
do  not  contain  mucigen,  l)ut  small  albuminous  gfaimles  ;  these  cells  often 
form  groups  which  lie  next  to  the  basement-membrane  (figs.  453,  c, 
and  -455).     These  groups  are  the  so-called  crescents  of  Gianuzzi  ;  their  con- 


^^t 


Fii:.   453. — jSeotiu^  of  a  lioi;'s  sibma.mlIjAuv,  aitjsk  .v  i'KuLo>'(aiiJ  I'Ekiiih 

OF  KEST.     ( Raiivier. ) 

I,  hniit'ii  of  alveolus ;  ,'/.  iiiucus-seL-retiiii,^  cells  ;  c.  creseeut,  fonnefl  of  albuniiiiou.s  cells. 

stituent  cells  are  known  as  'luaryiiial  or  serous  cells.  Special  diverticula  pass 
from  the  lumen  of  the  alveoli  between  the  mucous  cells  to  penetrate  to  the  cres- 
cents and  to  branch  amongst  and  within  their  constituent  cells  ;  these  dixerti- 
cula  are  best  shown  liy  the  Golgi  method  of  staining  (fig.  45G  ;  also  fig.  463). 


Fic.   4.54. — SriiMAxnj.Ai  \ 

The  iiinciis-seci-eliii;,^  i-ells,  //,  1 
the  iilbl  n 


1    u 

I 


ri,  d    I  e 
ell      f  tl 


1(1  are  smaller  ami  sLaiii  belter  ; 
e  enlarged. 


The  serous  cells  are  characteristic  of  purely  serous  alceoli  (fig.  455),  in  which 
none  of  the  cells  secrete  nuicus,  but  watery  or  albuminous  saliva.  In  these 
when  the  gland  has  been  long  at  rest  the  cells  ai'e  filled  with  granules,  which 
do  not  swell  with  water  nor  form  mucin ;  they  appear  to  be  of  protein  nature, 
and  probably  yield  to  the  secretion  of  the  glanfl  its  ferment  (ptyalin)  and  its 
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albumin.  The  granular  substance  within  the  cell  is  nut  the  feiinent,  but  the 
ferment  is  formed  from  it  when  the  secretion  is  poured  out.  Hence  it  has 
been  termed  zymogen  (nuither  of  ferment).      As  Langley  showed,  the  outer 


Fii!.   45.3. — Section  of  hpm.vn  sueliniuaIj.     Magiiitied '200  diameter.? 
(Photugraphed  from  a  preparation  by  Pnjf.  M.  Heiduiiliaiii. ) 


.Most  of  the  aheoli  shown  in  the  tl'>-ure  ;ire  serous 
oelly  bnt  also  eresoentii 


nt  some  are  niixeii,  oonfainin;^^  ehieM\  inuouns 
■ouits  of  serous  cells. 


Kii:.   45(j.  -  .\i.\Koi.i   (JK   iiiiMXN   sini.iNcr.M,  oi.ano   ruior.VKEii   iiv 
(^oJJii  .METHOD.     (E.  Miiller. ) 

/,  kniien  stainefl,  with  lateral  (ti\ertirnla  ]iassiTi^^  lietwtTn  and  inlfi  nnicns- 
seci'etin^' irells  ;  /f,  lori^^^er  (Ii\  ertienia  penetrating  into  the  "i-reseent" 
eells. 

part  of  each  cell  becomes  clear  and  free  from  granules  after  si>cretion  (fig. 
457).  iSometimes  the  change  is  found  to  occur  in  some  cells  and  not  in  others 
(fig-  458). 
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Tlie  colls  lining-  tbe  ducts  of  the  ordinary  glands  are  also  occupied  \>j  gianules 
Avhieli  liave  been  found  tfj  alter  in  number  and  size  with  vai-yiiig  states  of 
secretion  (fijr,  45!>). 


Fxo.   457. — AlveoIjI  or  a  skkuus  oLAxn.     A,  at  rest.     B,  after  a  short  feriod 
OF  activity.     C,  after  a  fkoJjOnoei)  period  of  activity.     (Langley. ) 
In  ^l  anil  7?  tht.'  nuclei  are  olisuuru  1  Ijy  the  ^a'anules  o£  zyiiiot,a^i]. 


i'"lli.    4oy. — SniJlA-XIEEAKY    OLANIl    OF    RABF.JT.        (E.    Mullcl .  ) 

Tlie  cells,  \\-hieh  are  all  serous,  are  in  different  functional  .states,  as  inrticaterl  by  tbe  condition 
.ind  staininj,'  of  the  f^raimles.  ff,  cell  filled  with  darkly  stained  i^rainiles;  b,  clear  cell;  o, 
secretory  canaliciili  ]tenetratiiit(  into  the  cells. 


..^^jp^^lf 


Fu:.   4ri9. — (JiiLbs  FUd.M    muct  of  farotid. 
A,  lirior  to  seci-etiun  ;  B,  after  secretion  (Mislawski  and  Sinii-now). 


THE   .s\  \LI\-A  K  y   (;l.  -I  AV)S 
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In  nearly  all  animals  tlif  p.-u-i)ti(l  gliinds  aif  rMiniJuMcd  of  ijuiclv  sfnms  alveiili  ; 
in  man  and  most  animals  the  snlimaxillarv  and  sn))Uii,L;iia.l  ula.iiils  lia\r  not  odIv 
both  serous  and  mueous  alveoli  (tigs.  455,  4(k)),  Ijut  also  "mixeil"  ahi'oli,  t.c,  ah  eoH 


Fio.    4liO. — Section    of   i'akt  of  •hik   himfvn   bi'i;>jA\iM,Ai;v  oi.ano. 

(K.  HL'idunliaiii.) 

To  the  rit'tit  of  the  tiym-e  is  a  ni'oiiii  of  mucous  ioid  uiixod  alxoi.h  ;  lo  llii-  loff  a  k1'ou|i  of  soi'ous  alveoh. 

(■ontaiiiing    both    serons    ami    mii.-oiis    cells.      The    (letachinl    aiiteFioc    pait   of   the 
snbliiignal  gland,  which  in  ii[a,n  is  eoiiipaiatively  small,  has  |jiifely  niuciuis  al\eoli. 


l'"io.     4t)l. — AnvKoi.i     Fl;oM      mci'ocs 

I'OKTTUN'   OF    TFJE    JUIMAN     SI '  I'.M  A\  I  L- 
L.IRY  l^nANJl,    FAKTIA'  C.NU.V  \  KJjaoO. 

(Pei.sei-.) 


flC.       4iy. — AlA'FOM      FI;oM       SHKOI> 
roKTIO.\  OF  'I'HIO  II  I'M  \N   SI '  I'.M  A  \II.- 

i.Aitv  i;i,AM>,  I'Ai;tJj\'  rM;A\  fjjJjEO. 
(Pei.ser. ) 


M  lien  the  glaiids  are  uiiFa\  ellcil  and  examined  with  the  niicfnscupe  it  i.s 
found  that  the  niucou.s  uiul  serou.s  aJvcoli  arc  somewhat  ililherent  in  shape, 
the  mucous  alveoli  being  larger,  more  uuifdi'in  in  shape,  and  linked  on  to  the 
ducts  by  sliorter  and  wdder  intermediate  or  junetioinil  iiuftions  (compare 
fig.  461,  which  is  from  a  mintiins  part  of  the  human  suljmaxillary,  with  fig. 
4b2  from  a  serous  part). 
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The  largest  ducts  have  a  wall  of  connective  tissue  outside  the  basement- 
membrane,  and  also  a  few  plain  muscle-cells.     The  blood-vessels  of  the  gland 

form  a  capillary  network  around  each 
alveolus.  The  lymphatics  commence  in 
the  form  of  lacunar  vessels  in  the 
areolar  tissue  between  the  alveoli. 
Lymph-nodules  are  occasionall)'  found  in 
the  interstitial  connective  ti.ssue.  The 
nerve -fibres  of  the  gland,  which  are 
derived  in  the  case  of  the  larger  salivary 
glands  both  from  the  cerebro-spinal 
nerves  and  from  the  sympathetic,  pass 
through  ganglia  before  proceeding  to 
their  distribution.  They  ramify  as  iine 
varicose  fibrils  amongst  the  alveolar  cells 
(fig.  463) ;  many  are  distributed  to  the 
blood-vessels. 


Fig.  463. — Alvhou  of  the  sub- 
maxillabv  gland  uf  the  dog. 
(G.  Retzius.)    Golgi  method. 

The  extensions  of  the  lumen  into  the  crescents 
of  Gianuzzi  are  shown,  and  also  the  endings 
of  nerve-fibrils  amongst  the  cells  of  the 


alveoli. 


Development. — The  salivary  glands  aie 

developed    as    buds    from    the    epithelium 

of  the  buccal  cavity,  at  first  solid  but  becoming  gradually  hollowed  out.     To  begin 

with  they  are  simple,  but  undergo  ramification  as  they  extend  into  the  mucous 

membrane  and  submucous  tissue. 


LESSON   XXXI. 

THE    STOMACH. 

1.  Vertical  longitudinal  sections  through  the  cardia,  including  the  lower  end  of  the 
oesophagus  and  the  adjacent  cardiac  portion  of  the  stomach.  These  are  intended  to 
show  the  abrupt  transition  of  the  stratified  epithelium  of  the  oesophagus  into  the 
columnar  epithelium  of  the  stomach,  and  also  the  chaiacter  of  the  gastric  and 
oesophageal  glands  in  the  immediate  neighbourhood  of  the  cardia.  The  sections 
may  be  stained  with  heematoxylin  and  eosin. 

2.  Sections  of  the  fundus  of  the  stomach  out  perpendicularly  to  the  sui-face  of 
the  mucous  membrane. 

In  these  sections  the  general  arrangement  of  the  coats  of  the  stomach  is  to  be 
studied.  Sketches  are  to  be  made  under  a  low  power  illustrating  this  arrangement, 
and  others  under  a  high  power  showing  the  structure  of  the  glands  of  the  mucous 
membrane. 

Measure  the  whole  thickness  of  the  mucous  membrane,  the  thickness  of  the 
muscular  coat,  the  size  of  the  columnar  epithelium-cells  of  the  siirface,  and  that  of 
the  cells  in  the  deeper  parts  of  the  glands. 

3.  Sections  of  the  mucous  membrane  of  the  fundus,  cut  parallel  to  the  surface. 
These  sections  will  show  better  than  the  others  the  arrangement  of  the  cells  in 

the  glands. 

4.  Vertical  sections  of  the  mucous  membrane  from  the  pyloric  region  of  the 
stomach.  If  the  section  is  taken  longitudinally  through  the  pylorus,  the  tranisition 
of  the  gastric  glands  into  the  glands  of  Briinner  of  the  duodenum  will  be  made 
manifest.  Make  a  sketch  under  a  low  power  of  one  of  the  glands  in  its  whole 
length,  filling  up  some  of  the  details  with  the  high  power. 

5.  Study  the  arrangement  of  the  blood-vessels  in  vertical  sections  of  the  wall 
of  a  stomach  the  vessels  of  which  have  been  injected. 


The  wall  of  the  stomach  consists  of  four  coats,  which,  enunierated  from 
without  in,  are  as  follows,  viz.  :  serous,  inuscnlar,  areolar  or  sub-niucous, 
and  mucous  membrane  (fig.  464). 

The  serous  coat  is 'a  layer  which  is  derived  from  the  peritoneum.  It  is 
deficient  along  the  lines  of  the  lesser  and  greater  curvatures. 

The  muscular  coat  consists  of  three  layers  of  plain  muscular  fibres.  Of 
these  the  bundles  of  the  outer  layer  run  longitudinally,  those  of  the  middle 
layer  circularly,  and  those  of  the  inner  layer  obliquely.  The  longitudinal 
and  circular  bundles  become  thicker  and  stronger  towards  the  pylorus  ;  at 
the  pylorus  itself  the  circular  layer  is  greatly  thickened  to  form  a  sphincter 
muscle.     The  oblique  fibres  are  only  present  over  the  fundus. 

The  areolar  or  submucous  coat  is  a  layer  of  areolar  tissue,  which  serves 
to  unite  the  mucous  membrane  loosely  to  the  muscular  coat ;  in  it  ramify  the 
larger  branches  of  the  blood-vessels  and  lymphatics. 
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Tlie  mucous  membrane  is  a  soft  thick  layer,  generally  somewhat  corrugated 

in     tlie    empty    coiulitioii    (if    tlie    (irgau.      Its   inner   surface  is   covered   by 

columnar  gtjblet-cells,  all  of  which  secrete  mucus.     They  are  prolonged  into 

the  ducts  of  the  glands,  hut  when  these  divide  to  form  the  tubules  the  cells 

become  shorter,  and  losi;  theii'  mucus-secreting 

character.      Where  the  resophagus  passes  into 

the  stomach  the  stratified  epithelium   which 

lines  the  gullet  gives  place  abi-U]>tly  to   the 

columnar    epithelium    of     the    stouiach    (fig. 

465). 

In  siniie  iiiiiiiials  tiie  stiutitied  epithelium  of 
the  ifsopliagiis  i.s  coutimied  ovci'  a  moi'e  or  le.ss 
extensive  tract  (^f  the  gasti-ic  iiiucous  ULeniliraiie, 
hut  it  always  cuds  by  a  suiiilar  sharply  defined 
line. 

The  thickness  of  the  gastric  mucous 
iiiciLili]-ane  is  clue  fn  the  fact  that  it  is  laigely 
made  up  of  long  tubular  glands,  which  open 
upon  the  iinier  surface.  ISetwceii  the  glands 
the  umcous  mendirane  is  formed  of  reticular 
tissue  with  some  lymph-cells  in  the  meshes. 
Externally  the  mucous  membrane  is  l.iouuded 
bv  the  musrii,h(,ris  miicuSd',  which  consists 
of  an  outer  longitudinal  and  an  inner  circular 
layer  of  plain  muscular  fibres. 

Gastric  glands. — These  are  f<jrmed  of  a 
basement-mendjrane  lined  with  epithelium, 
liich  glaiul  consists  of  secfeiinij  tubules,  from 
one  to  four  in  number,  opening  at  the  surface 
intcj  a  larger  tube,  the  dart  of  the  gland. 
The  duct  is  in  all  cases  lined  by  mucus- 
secreting  epithelium  of  the  same  character 
as  that  which  covei's  the  inner  surface  of 
the  nnicous  mendu'aue,  but  the  epithelium  of 
the  secreting  tubules  is  different  from  this, 
and  also  diiiers  somewhat  in  the  glands  of 
ilill'erent  regions  of  the  organ.  The  follow- 
ing varieties  of  gastric  "lands  are  met 
with  :  — 
(1)  (it (I ads  oj' the  ciirdia. — I'hese  ai'e  comparatively  few  in  nuud.ier.  They 
are  usually  found  oid}'  close  to  the  (esophageal  opening  (cardia)  and  arc  of 
t\V(j  kinds  :  (a)  simple  tubules,  veiy  similar  to  the  crypts  of  Lieberkiihn  of 
the  intestine,  and  (6)  small  tubido-i-aceniose  glands  (iig.  466).  The  latter  are 
commonest  in  man  ;  the  former  occur'  in  considerable  number  in  some 
animals.      The   secreting  tubules  (jf  the  racemose  glands  are  lined   by  cells 
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Ftii,    465. — Sf.ctton   of   Tirn    wall   of   the   STojiAfii    of   Tine    ooo   at   the    plai'K 

WHERE    THE    STRATIFrEIl    KPITHELU'M      OF     TIIK    ■ESOI'll  Al  M'.S     IS    OONTINUEIl     INTO 
THE    t'OLUMNAT;     EPITHEMFM     OK    TIIK    CASTUTC     IMUI'orS     llE^rERA^'E.        Magnified 

2n0  diameters. 


0 


/?i  .«^ 


r   • 


C:  Jj    /  2  ,j- 


/.5  / 


FlO.    466.— SlOITION    OF    TI|-M\X    STOMAI'll     NKA  I.'    Till',    OMiDIM'.        (V.    KlllUT,   after 

.7.  Wi'liallcr. )     Ma.;,'iiiticd  4.'"i  ili.aiiicters. 

Is-  cr.  ijliiliils  shuikir  t.i  .■r,  lil"  nl    Lii'lirrKiilin,  with  Kcililet-iells  ; 


c,  cardiac  ^datuls;  (/,  llieir  dints; 
mvi,  nmcoiis  rncmlirain'  ;  /(',  iiiilsr-nlari^  i 


<ii,riiil.rai 
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which  are  giaiiular  in  aiJpearanee  and   of  a  .short  eolumnai'  form,  and  of  the 
same   natui'e  tln-ougliout   the   length   of  the   tnliule,   except  near  the  orifice 


■%fei"J 


^    * 


Ftc.  467.— Sections  of  the  Mucors  MEMEllA^■M  or  thk  rrNDUs  of  the  dog's 

STOMACH    PASSING    ACROSS   THE    LON(!    AXIS    OF   THE    GLANDS. 

A,  Sei^tion  (Ifise  to  liut  not  (|uit.c  parallel  witli  the  surface,  inclxKlin};i- on  the  left  the  gland  ducts 
and  on  the  rij^'ht  the  coiiiinenciTit;-  yland  tnlmles.  Notice  the  oval  oxyntic  or  acid-forming'  cells 
of  the  t,datids.     The>  \iif^\n  to  appear  even  hetween  the  columnar  cells  of  the  ducts. 

B,  Deeper  ]iart  of  the  same  section,  showinj^-  the  lumina  of  the  j^-land  tuhules  surrounded  hy 
]jrineipal  ui-  ]ie]>sin-yielding'  cells,  with  the  oxyntic  cells  alto.ijether  outside  them. 
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(duct),  where  they  give  place  to  cohtmnar  mucus-secreting  cells.  Bensley 
describes  some  of  the  tubules  as  lined  with  mucus-secreting  cells  throughout. 
Occasionally  one  or  two  oxyntic  cells  are  present  in  the  tubules. 

G-lands  of  a  somewhat  similar  character  occur  near  the  lower  end  of  the 
resophagus.  At  the  places  where  their  ducts  open  the  resophageal  epithelium  i.s 
ii.sually  columnar  instead  of  stratified  (p.  .322). 

(2)   Glniidx  nf  the.  fii.nrhifi  i^oxynlin  or  arid-prodi icing  glandf:)  (figs.   464, 


riiir' . 


/9', 


Fio. 


Fig.  469. 

Fig.  468. — A  fundus  gland  of  simple  form  from  the  hat's  sTonrAcit. 
Osmio  acid  preparation.     {Langley. ) 

coltminar  epithelium  of  the  surface ;  n,  neck  of  the  plant!  with  central  and  parietal  cells ; 
/,  base,  occupied  only  by  principal  or  central  cells,  which  exhibit  the  gfi'anules  accumulated 
towards  the  lumen  of  the  gland. 

469. — A   FI'N'DUS     GLAND     PREPARED    BY    (ioLGl'S    METHOD,     SHOWING    THE    MODE 
OF    COMMUNICATION     OF    THE     P.\RIETAL    CELLS     WITH    THE     GLAND-LUMEN.       (E. 

Miiller. ) 


467,  468).  —In  these  glands  the  tubules  are  usually  relatively  long  and 
the  duct  short.  The  epithelium  of  the  tubules  is  composed  of  two  kinds  of 
cells.  Those  of  the  one  kind,  which  form  a  continuous  lining  to  the  tubule, 
are  somewhat  polyhedral  in  shape,  and  in  stained  sections  look  clearer  and 
smaller  than  the  others,  but  in  the  fresh  glands,  and  with  certain  methods 
of  staining,  it  can  be  seen  that  they  are  partly  filled  with  granules  (fig.  468), 
which  are  most  numerous  in  the  inner  portion  of  the  cell,  an  outer  zone  being 
left   clear.     After   prolonged  activity   this   outer   zone  increases  while  the 
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granules  (liiniiiish  in  ninnher,  as  in  the  analngous  cases  (if  tlie  pancreas  and 
pai-otiil  glands  (Langley).  These  cells  furni  the  pepsin  of  the  gastric  juice, 
the  granules  within  them  containing  pepsinogen,  which  is  converted  into 
pepsin  when  discharged.  They  are  known  as  the  prlnaipal  or  chief  cells  of 
the  cardiac  glands,  or,  from  their  relative  position  in  the  tubule  immediately 
sm-ronnding  the  lumen,  the  central  celh.  8cattei'ed  along  the  tubule,  and 
lying  between  the  principal  cells  and  the  baseraent-meinbrane,  are  a  number 


r.  ^ 


Fio    470. 


Fid.  471. 


FiC.    470. — P.\RT    OF    TCBULE    (IF    A    FUNDI'S    (ILAM),    WITH    THE    LFMF.X    ANII  SECKKTORY 
CAxN'.ALTCULI    STAINED    BLACK;    THE    (ILAND-OELLS    ARE    ALSO    SHOWN.       (Zinimermaiin.  ) 

c,  r-lii(-f  oi-  r-entr.al  nells  ;  p,  jiarietal  o\  nxyntic  cells  ;  /,  lumen  of  tiilmle  proloiiLied  into 
ru'lioreseeot  '-aiialifuli  wliicli  penetrate  to  the  pai'ietal  eells, 

Fic.   471. — Pylorii;    olanhs,   from   a  sicfTION   of  the  hi\man'  stdmach,       (Photn- 
gvapheil  from  a  piepaiatioii  b}'  Pruf.  Martin  Heidenhain.)     Magnitii'd  (iO  diameters. 

of  large  spheroidal  or  o\-oidal  cells.  These  are  the  pai-V'tul  or  oxyntic  cellfi, 
ha^'ing  been  so  named  by  Langley  Itecause  they  are  belie\'ed  to  produce  the 
acid  of  the  gastric  secretion.  Each  of  these  cells  is  surrounded  and  pene- 
trated by  a  network  of  minutt^  [lassages,  communicating  with  the  lumen 
of  the  gland  by  a  line  canal,  which  pas.ses  between  the  central  cells 
(figs.  469,  470).  But  ill  the  neck  of  the  gland  the  parietal  cells  abut 
again.st  the  lumen,  being  here  wedged  in  lietween  the  mucus-secreting  cells 
(fig.  467,  A). 

(;?)  Olanrh  a/  the  pyloric  canal  (fig.   471). — :In  the  glands  of  the  pyloric 
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canal  the  ducts  are  iiiucli  longer  than  those  of  the  fundus  glands,  and  the 
secreting  tubules  possess  cells  of  only  one  kind-i  These  correspond  to  the 
principal' cells  of  the  fundus  glands,  having  granules  which  yield  pepsin  to 
the  gastric  juice ;  but  their  granules  are  not  quite  identical  in  appearance 
witli  those  of  the  principal  cells  of  the  fundus  glands,  and  are  less  distinct. 
The  cells  of  the  secreting  tubules  are  of  a  columnar  or  cubical  shape,  and 
in  the  fresh  condition  have  a  granular  appearance ;  they  are  quite  unlike 
the  clear  epithelium  of  the  surface  and  ducts,  which  is  formed,  as  elsewhere, 
of  long  tapering  cells,  the  outer  part  of  which  is  filled  with  mucigen. 

At  the  pylorus  itself  the  gastric  glands,  which  are  of  the  same  type  as 


Fig.  472. — iSection  throimjh  the  PYLOBrs,  incluuinc  the  uommencemejst 
OF  THE  buodehum.     (Klein.) 

V,  \'illi  of  duodenum  ;  b,  apex  of  a  lymphoid  nodule ;  e,  urypts  of  Lieberkiilm ;  s,  secreting 
tubules  of  Briinner'y  glands ;  rfj  ducta  of  pyloric  glands  of  the  stomach  ;  g,  tubes  of  these 
glands  in  mucous  membrane  ;  t,  deeper  lying  tubes  in  submucosa,  corresponding  to  secreting 
tubules  of  Brunner's  glands  of  duodenum ;  m,  muscularis  mucosaj. 

those  of  the  pyloric  canal,  become  considerably  lengthened  and  enlarged,  and 
are  continued  into  the  submucous  tissue,  the  muscularis  mucosse  being  here 
deficient ;  they  thus  present  transitions  to  the  glands  of  Briinner,  which  lie 
in  the  submucous  tissue  of  the  duodenum  (fig.  472). 

Scattered  amongst  the  ordinaiy  .seereting  cells  of  the  pyloiic  glands,  cells  are 
.seen  here  and  there  which  stain  with  lianiiatoxyliu  nioi-e  deeply  than  the  rest,  and 
perhaps  have  a  difl'erent  function  (Stolii').  '  ' 

The  blood-vessels  of  the  stomach  are  very  numerous ;  they  pass  to  the 


'  In  mail  it  is,  however,  only  quite  near  the  pylorus  that  parietal  cells  are  altogether 
absent.     They  may  even  be  met  with  in  Briinner's  glands  of  the  duodenum. 
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organ  along  its  curvatuivs.  The  arteries  traverse  tlie  muscular  coat,  givin" 
oft'  branches  to  the  capillary  netwcjrk  of  the  niuscular  tissue ;  they  then 
ramify  in  the  submucous  coat.  From  the  arterial  branches  here,  small 
tortuous  arterioles  pierce  the  nmscularis  mucoste,  and  break  u[>  into  capillaries 
near  the  bases  of  the  glands  (fig.  473).  The  capillary  network  extends 
between  the  glands  to  the  surface,  close  to  which  it  terminates  in  a  plexus 
of  relatively  large  venous  capillaries  which  encircle  the  mcjuths  of  the  glands. 
From  this  plexus  straight  venous  radicles  pass  through  the  mucous  membrane, 
pierce  the  muscularis  mucosic,  and  join  a  jJexus   of  veins  in  the  submucous 


:!ilSi|ilr 


Fti;.  473. — P^A^  (jfthb  Bi.nui)- 

VKSSliLS     OF      THK      STOMACH. 

(Modified  from  Erinton.) 

a,  small  arteries  passiiiy  tu  break  \\\\ 
into  the  line  t-apillar.v  network,  (/, 
between  the  frlands ;  b,  eoarsei- 
capillary  network  aronnrl  the 
months  of  the  glands  ;  c,  c.  ^■eins 
passing  ^  ertically  downwards  from 
the  superlicial  network  ;  c,  laryer 
vessels  in  the  snhnmeosa. 


Fii:.  474. — LiMi'UATics  or  the  utmax  oastkic 

MUCOUS    MEMBRAfiE,    I>,'.J  ECTEU.        (C.   Lovell. ) 

The  tnhnles  are  only  faintly  indicated ;  a,  museularis 
mneosje ;  &,  plexus  of  fine  "vessels  at  base  of  jrlaiids ; 
c,  plexus  of  laryer  Aahed  lymphatics  in  snl)mncosa. 


coat.  From  these  \eins  blood  is  carried  away  from  the  stomach  by  efterent 
veins,  which  accompany  the  entering  arteries. 

The  lymphatics  (fig.  474)  arise  in  the  mucous  membrane  by  a  plexus  of 
large  vessels  dilated  at  intervals,  and  looking  in  sections  like  clefts  in  the 
interglandular  tissue.  From  this  plexus  the  lymph  is  carried  into  large 
valved  vessels  in  the  submuc(jus  c(jat,  and,  from  these,  elferent  vessels  run 
through  the  muscular  coat  to  reach  the  serous  membrane,  underneath  which 
they  pass  away  from  the  organ.  The  muscular  coat  has  its  own  network  of 
lymphatic  vessels.  These  lie  between  the  two  principal  layers,  antl  their 
lymph  is  poured  into  the  efterent  lymjihatics  of  the  organ. 

The  nerves  hiive  the  same  general  arrangement  and  mode  of  distribution 
as  those  of  the  intestine  (see  next  Lesson).  They  are  mostly  derived  from 
the  \agus,  but  branches  of  the  sympathetic  also  pass  to  the  organ. 


LESSONS   XXXII.  AND   XXXIII. 
THE  SMALL  AND   LARGE   INTESTINE. 

1.  Sections  of  tlie  duodenum,  jejunum,  and  ileum,  vertical  to  the  sui'face.  The 
three  parts  of  the  intestine  may  be  embedded  in  the  same  paraffin  block,  and  the 
sections  stained  and  mounted  together'.  Choose  a  part  of  the  ileum  which  includes 
a  Peyer's  patch.  Observe  the  nodules  of  lymphoid  tissue  which  constitute  the 
patch  and  which  extend  into  the  sublriucous  tissue.  Notice  the  lymphoid  cells  in 
the  superjacent  epithelium.  Notice  also  the  sinus-like  lymphatic  or  lacteal  vessel 
which  encircles  the  base  of  each  nodule.  In  the  duodenum  study  the  glands  of 
Brtinner  in  the  submucous  tissue.  Make  a  general  sketch  of  each  section  urrder' 
a  low  power  arrd  draw  a  villus  under  the  high  power.  The  general  arrangement 
and  structure  of  the  intestinal  wall  is  to  be  studied  in  these  sections. 

i.  Sections  parallel  to  the  surface  of  the  intestine,  and  thei'efore  across  the  loirg 
a.xis  of  the  villi  arrd  glands  of  the  mucous  membrane.  In  order  to  keep  the  sections 
of  the  villi  together  so  that  they  are  not  lost  irr  the  mourrting,  it  is  rrecessary  either 
to  embed  in  celloidin  or,  if  paraffin  is  used,  to  employ  an  adhesive  method  of 
mounting.     Sketch  a  villus  and  some  of  the  crypts  of  Lieberkuhn. 

3.  To  study  the  process  of  fat-absorption,  kill  a  frog  two  or  three  days  after 
feeding  with  bacon  fat.  Put  a  very  small  shred  of  the  mucous  rrrembrarre  of  the 
intestirre  into  osmic  acid  (0'5  per  cent.)  and  another  piece  into  a  mixture  of  2  parts 
Miiller's  fluid  and  1  part  osmic  acid  solution  (1  per  cent.).  After  forty-eight  hours 
teased  preparatiorrs  may  be  made  frorrr  the  osmic  acid  preparatiorr,  in  the  same 
manner  as  directed  irr  Lesson  VIII.,  §  1.  The  piece  in  Mriller  and  osmic  acid  may 
be  left  for  ten  days  or  more  in  the  fluid.  Sections  are  made  by  the  freezing  method 
arrd  mounted  in  glycerine  or  frorn  paraffin  and  mounted  in  dammar. 

4.  Sections  of  small  intestine  the  blood-vessels  of  which  have  been  irrjected. 
Sketch  the  arrangement  of  the  vessels  of  a  villus. 

5.  From  a  piece  of  intestine,  which  has  been  stained  with  chloride  of  gold,  tear' 
ott'  broad  strips  of  the  longitudinal  muscular  coat,  aird  mount  therrr  irr  glycerirre. 
It  will  generally  be  found  that  portions  of  the  nervous  plexus  of  Airerbach  remain 
adherent  to  the  strips,  and  the  plexus  can  irr  this  way  be  studied. 

From  the  rerrrainder  of  the  piece  of  intestine  tear  off  with  forceps  the  fibres  of 
the  circular  muscular  layer  on  the  one  side,  and  the  mucous  membrane  on  the 
other'  side,  so  as  to  leave  only  the  submucous  tissue  and  the  muscularis  mucosee, 
which  is  to  be  mounted  flat  in  glycerine  ;  it  corrtains  the  plexus  of  Meissner'. 
Sketch  a  small  portion  of  each  plexus  under  a  high  power.  The  plexuses  can  also 
be  shown  by  the  methylene-blue  method  arrd  the  reduced  silver  method  of  Cajal 
(see  Appendix). 

6.  Sections  of  the  large  intestine,  perpendicular  to  the  surface.  Sketch  under  a 
low  power. 

7.  Sectiorjs  of  the  rrrucous  membrane  of  the  lar'ge  irrtestirre  par'allel  to  the 
surface,  and  therefore  across  the  glands.  Sketch  sorrre  of  the  glands  and  the  irrter- 
glandular  tissue  under  a  high  power. 

8.  The  arrangement  of  the  blood-vessels  of  the  large  intestine  is  studied  in 
sections  of  the  injected  organ. 
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FU:.    475. — IJiACRAM    OF    SJirTlO^     OF    AIjlMEM'AKY    TUBE.        (Sobottrt.) 

L,  kiiiieii ;  tjhii^  glaiuLs  ot  mucous  memliraue  ;  (■/*,  tpitheliniii ;  <jl^,  ,i.'kin(ls  in  submucosa  ;  mm. 
iiiusuularis  muuosa ;  sm^  suliniueous  coat;  nix.  circular  muscular  la}er;  Ifn,  lony^itudiiial 
muscular  Ia>  er  ;  a,  serous  coat ;  .w,  lueseutei-y  ;  <jliiij,  ^^aiij,^lioii  of  plexus  myeiitcricus ;  <ji^m. 
ganp^lion  of  plexus  sulimucosus. 


Fii;.  476. — Auerf:a(.']['s  mj.exis,  from  tuk  jirscrEAK  coat  of  the  intestine. 

(Cadiat. ) 
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Fig.  477. — Mbissner's  plkxtjs  pbom  the  submucous  coat.     (Oadiat.) 
ff,  gangrlion  ;  h,  b,  nervous  eorda  ;  c,  a  blood-vessel ;  d,  an  entering;  sj'mpathetic  nerve. 


Fio.  478. — Nerves  of  the  mucous  membrane  of  the  small  intestine.     (Cajal.) 
M,  part  0!  Melisner's  plexus ;  a-f,  small  cells  and  nerve-fibres  in  the  tissue  of  tlie 
mucous  membrane  and  villi. 
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Fia.  479. — Typical  nerve-cells  frori  enteric  ganglia.     (Dogiel.) 

A^  cell  with  numerous  minute  ramified  dendrons ;  B,  cell  with  numerous  almost 
unhranched  axon-like  dendrons ;  ax,  axons ;  pz,  dendrons. 
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THE   SMALL   IKTESTIKE. 


The  wall  of  the  small  intestine  consists  of  four  coats  (fig.  475). 

The  serous  coat  is  complete  except  over  part  of  the  duodenum.     It  leaves 


villi. 


cryptr.  of 
Llehcrkiihv. 


viv^mlarh 
mueosce. 


ntbiTiTeoFa. 


layer  of 
circular 
muscular  fibre-t. 


intermuaculrtr 
layer. 

layer  of 
longituiJinil 

iinisnilar  fibres. 


Firj.  4^0. -Section  of  the  small  intestine  (jejunum)  of  cat. 
Magnified  about  40  diameters. 

the  intestine  at  the -line  of  attachment  of  the  mesentery,  between  the  folds 
of  which  the  blood-  and  lymph-vessels  and  nerves  pass  to  and  from  the  organ. 
The  muscular  coat  is  composed  of  two  layers  of  muscular  tissue,  an  outer 
longitudinal,  and  an  inner  circular.  Between  them  lies  a  network  of 
lymphatic  vessels,  and  also  the  close  ganglionated  plexus  of  non-meduUated 
nerve-fibres  known  as  thep/e.^w5  myentericus  of  Auerbacli.  The  ganglia  of 
this  plexus  may  sometimes  be  seen  in  vertical  sections  of  the  intestinaUwall 
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(figs.  480,  483),  but  the  plexus,  like  the  one  in  the  submucous  coat 
immediately  to  be  described,  can  only  be  properly  displayed  in  preparations 
made  by  special  methods  (fig.  476). 

The  submucous  coat  is,  like  that  of  the  stomach,  composed  of  loose  areolar 
tissue.  In  it  the  blood-vessels  and  lacteals  ramify  before  entering  or  after 
leaving  the  mucous  membrane.  It  contains  a  ganglionated  plexus  of  nerve- 
fibres — the  plexus  of  Mcissner — which  is  finer  than  that  of  Auerbach  and 
has  fewer  ganglion  cells  (fig.  477).     Its  branche.s  are  chiefly  supplied  to  the 


Frri.  482. 
Fig.  481. — A  crypt  of  Likbukkuiin  from  tuf  human  inthstinf.     (Fleniming.) 

Fif!.  482. — Sf-ction  of  thf,  ileum  through  a  lymphoid  nodfi,e.     (Cadiat.) 

fl,  middle  of  the  nodule  witli  the  lymphoid  tissue  partly  fallen  away  fvom  the  section ;  6, 
epitheliimi  of  the  intestine ;  c,  villi ;  the  epithelium  is  partly  brolven  away ;  rf,  crypts  of 
Lieherkuhn  ;  e,  /,  musculans  nulcosBB. 


muscular  fibres  of  the  mucous  membrane,  but  also  to  the  glands  and  villi 
(fig.  478). 

These  "  enteric  "  ganglionated  plexuses  contain  two  kinds  of  nerve-cell  (fig.  479). 
One  kind  has  a  number  of  much  branched  dendrona  easily  distinguishable  from  the 
axon  ;  the  other  kind  is  characterised  by  the  presence  of  a  number  of  processes 
very  little  branched  and  hardly  distinguishable  from  one  another.  This  last  type 
of  cell  is  the  only  one  found  in  Meissner's  plexus. 

The  mucous  membrane  is  bounded  next  to  the  submucous  coat  by  a 
double  layer  of  plain  muscular  fibres  (muscularis  m.ucoscR).  Bundles  from 
this  pass  inwards  through  the  membrane  towards  the  inner  surface  and 
penetrate  also  into  the  villi.     The  mucous  membrane  propet   is  pe»vaded 
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with  simple  tubular  glands — the  crif/ifs  ,i/'  Lirhi'r/:iihii  (ligs.  4S0,   ISl,  4S."i) — 
whieh  are  lined  thr<iua;h(iut  bv  a  eohimnai-  epithelium,  with  scatteved  noblet- 


..'riailii, 


^ 


,to«i.^< 


vruhiri.' 
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II    riMM     r     \i     MTT  WIN     It    nntt  s  iir.ANOS, 
Ma.yiiltleil  .ibmit  f|lt  iliailK  ti  is. 

cells,  like  that  whieh  cfi\-ers  the  general  surface  and  the  villi.  At  the 
fundus  of  each  crypt  are  a  few  cells  containing  well-marked  grannies 
(Paneth).  The  cells  of  the  glands  show  frequent  e\iflences  of  ka.ryokniesis  ; 
it  is  stated  tliat  the  epithelium   of  the  general   surface  becomes  i-egenerated 
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¥\i;.  48+. — LiixfiiTrmNAL  sectton  of  a  vir.r.i's  :  max.     ilagiiilied  200  rliameter.s. 
(From  a  preparation  by  Prof.  Martin  Heidenhain.) 

At  (MIC  iiart  the  Incleal  is  (.-nt  ]oiii,'-iiudinall,\-.  Some  ]em-oo,\l.fs  are  seen  within  it:  others  are 
ohservaljle  hetween  tlie  eohnnnar  epitheiiuni-r-ells  of  tlie  surface  and  man>  occuiiy  tlie 
interstices  of  the  reticular  tissue. 


;.;,-VSr'?       Kfi 


Fri:.   4S.').— Paut  ok  the  w.mx  of  the  vilt,t's  stiowx  tx  etc.   484. 
MagniHed  400  diametei-s. 

c,  colunniar  epithcliuni-cclls  ;  ]eucoc\  tcs  arc  seen  lietwcen  them  ;  .sli\  theii-  striated  Imi-der  ; 
I,  l\'ni|ihoid  tissue  of  villus,     (inc  or  two  i^'ohlet-cclls  are  seen  lietween  the  eohnnnar  cells. 

from  them  (Bi/.zozero).  The  mucou.s  membrane  betAveen  the  glands  is  mainly 
compo.sed  of  reticular  tisMue,  which  contaiirs  here  and  there  nodules  of 
lymphciid    tis.sue.     These    nodules   constitute    when    they   occur    singly    the 
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Fti;.    480. — L(pX(.'TTrT)rx.\T,  mectkix  of  a   \'iLLr\s  Fiio^r  a    i;AT  t^ti.lfd  tiikI';!': 

l[()riiS    AFTKi;     KKFriTNC     \V[TII     llRFAIt    AND    WATKH, 


epitlu 
i-()nt;i 


111^  lvm|ilM'nr|,usrli'^  lii.rwrfii  lli,-  cpIN;   /.  lai'h-al, 
r\i-.  ;  .■,  ^(iiiie  |iarH\  ilMiiti-^Tali-.l, 


Fic.    487. — 'I'l!  w'sVKRSK  sicc-rnix   (if  a   \iLi,rs  in--   rii;.      (Tfauliiiaini. ) 

a.  ciiiMu'liiiiii  ;  a' ,  siriai.erl  }«,nha';  «",  L;-(i)ilut-ivn  ;  b.  I\iii].lini(l  li^-air  ;  o.  small  .caihal 
lacl.ral  ■,  e.  ].lairi  Hinsrl,..(il,i ,'-,  ml,  l.raiisi  i  im>I>  :  /.  -,rrl,i,Mi  nl  ar(  laanl,.. 
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so-called  >:iilit(iri/  (jhnids  of  the  intestino  (fig.  4S2),  and  when  aggregated 
together  foviii  the  tic/mliitifed  i/laiKh  or  jiiiifhi'K  nf  I'cyi'i-  (fig.  491).  The 
latter  occur  chiefly  in  the  ileum. 

The  glands  of  Briinner,  which  liave  been  already  noticed  (p.  337),  occur 
in  the  dnodenuiii.  They  are  small  tubnlo-racemo.se  glands  of  serous  character, 
situated   in   the  submueosa   (fig.    4)S3)  ;    they   send   their  duets   to  the  inner 


Fir,'.    4S8. — L,\fTE.AL   WITIIIf;    VILLTTS-LIKE    F0LT>    of   the    MFfOUR    MEMBRANE    OF 

SM.Ai.L  iN'TESTiNE  OF  FRoo.     Magnified  200  diameters. 

Th(-  ];i''tcal  is  distendi'd  witli  ctiyli.  in  uliicli  tlircc  or  fnnr  Icncocyte^  in  \arions  staires  of 
(lisirit.(',L,^ratioti  arc  seen. 

surface  of  the  mucous  membrane  either  between  the  crypts  of  Lieberkiihn 
01-  into  them. 

The  villi  with  which  the  whole  of  the  inner  sui-face  of  the  small  intestine 
is  closely  beset  are  clavate  or  finger-shaped  projections  of  the  mucous 
membrane,  and  are  composed,  like  that,  of  reticular  tissue  covered  with 
columnar  epithelium  (figs.  4H4  to  48,S).  The  characters  of  this  epithelium 
have  already  been  described  (Lesson  VIII.).  Between  and  at  the  base  of 
the  epithelium-cells  many  lymph-corpuscles  occur,  as  well  as  in  the  meshes 
of  the  i-etieular  tissue.     The   (Epithelium   rests  upon   a   basement-membrane. 
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lu  the  middle  of  tlic  \  iUus  is  a  l3'uiphatic  or  lacteal  vessel  which  may  be 
somewliat  eulai-ged  near  its  eoiiimenceineiit  ;  the  enlargement  is  replaced 
in  some  animals  by  a  network  of  vessels.  Surrounding  the  lacteal  arc  small 
bundles   of   plain   muscular    tissue    prolonged    from   the  muscularis   mucosa-. 


I'lC.     4S!).  —  ^.MVJjL    I.STE.STINK    ( \  KKTII  AIj    TKANSViiKSE    SKCTlU^),     «  ITU    THE 

i;l -\  ksseJjS  iiN.iHiTKh.     (Heitziiuuiu. ) 


r,  u 


illils;  (;,  -Ian. 
imisuiila 


(if  l.irli.Tknhi 
ruHt;  L,  loiijri 


lurnsic  :  A.  amilai'  c'ual  ;  /.'.  y\. 
ty.A\   \\  l.t'liLolieal  mat. 


The  Jietwork  of  blcjod-capillaiies  (tigs.  1-'-''.),  49(1)  lies  for  the  luost  ]ia.rt  (juite 
near  the  surface  uiuler  the  basement-membrane  ;  it  is  supplied  witli  blood  by 
a  small  artery  which  joins  the  capillary  network  at  the  lia.se  of  the  ^■illus  ; 
the  corresponding  vein  generally  arises  near  the  free  end  of  the  \  illus. 

The  lymphatics  (lacteals)  of  the  mucous  membrane  (tig.  491),  after 
receiving  the  central  lacteals  of  the  villi,  pour  their  contents  into  a  plexus 
of  large  valved   lvm]ihatics    which   lie    in    the    submucous    tissue    and   form 
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Kinuscs  around  the  Ijases  of  the  lymphoid  nodules  (fig.  340,  p.  343).  From 
the  .subniucouH  tissue  efferent  vessels  pass  through  the  muscular  coat, 
receiving  the  Ij'mph  from  an  intramuscular  plexus  of  lymphatics,  and  are 
conveyed  away  between  the  layers  of  the  mesentery. 

Absorpticfti  of  fat.— In  order  to  study  the  prcjcess  of  fat  transference  in 
the  intestine,  it  is  eon\'enieut  to  stain  the  fat  with  osmic  acid,  which  colours 
it  black.  It  can  then  be  observed  that  in  animals  which  have  been  fed  with 
food  containing  fat,  particles  of  fat  are  present  (1)  in  comparatively  large 
globules  in  the  outer  part  of  the  columnar  epithelium-cells,  Ijut  in  the  form 


Kic 


4U0. — Villus  ur  kat  with  jjjjduo- vessels  i>jlctei 
Photograph.     jNlagnificd  210  diameters. 


of  iriuch  smaller  globules  in  their  deeper  part  (in  the  free  border  of  the  cell 
fat  is  entirely  absent)  ;  (2)  in  fine  granules  in  the  interstitial  tissue  of  the 
villus,  but  often  confined  to  the  anucboid  leucocytes,  which  abound  in  this 
tissue;  (3)  in  fine  granules  within  the  central  lacteal  of  the  villus.  The 
leucocytes  are  present  not  only  in  the  reticular  tissue  of  the  villus,  but  also 
in  c(_insidei'able  nuniliei's  between  and  at  the  base  of  the  epithelium  cells 
(figs.  4y.5,  48G)  ;  and  they  can  also  be  seen  in  thin  sections  from  bichromate- 
osmic  preparations  within  the  commencing  lacteal  ;  in  the  last  situation  they 
are  undergoing  disintegration  (figs.  48(j,  4SN,  492). 

Since  the  leucocytes  are  amtcboid,  it   is  probable  from  these  facts  that 
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the  mechanism  of  fat-absorptiou  consists  of  the  following  processes — viz. 
(1)  accumulation  of  fat  in  the  columnar   epithelium-cells   of   the   surface ; 


Fii:.  491.— Vertical  section  of  a  portion  oi'  a  Peyer's  patch  with  the 
LACTEAL  VESSELS  INJECTED.     Magnified  32  diameters.     (Frey.) 

The  bpecimen  is  from  the  lower  part  of  the  ileum ;  a,  villi,  with  their  lacteals  left  white ;  6,  sonie 
of  the  tubular  glands  ;  c,  the  muscular  layer  of  the  mucous  membrane  ;  rf,  cupola  or  projectinjr 
)3art  of  nodule ;  e,  central  part ;  /,  the  reticulated  lacteal  vessels  occupyiuf^  the  lymphoid 
tissue  between  the  nodules,  joined  above  by  the  lacteals  from  the  villi  and  mucous  surface, 
and  passing  below  into  g,  the  sinus-like  lacteals  under  the  nodules,  which  again  pass  into  the 
large  efferent  lacteals,  f/' ;  /,  part  of  the  muscular  coat. 


Fic.  492. — Section  of  the  villus  of  a  rat  killed  dueinc  fat-absorption 

ej),  epithelium ;  atr,  striated  border  ;  c,  leucocytes ;  0',  leucocytes  in  the  epithelium 
I,  central  lacteal  containing  chyle  and  disintegrating  leucocytes. 


352 


THE  ESSENTIALS   OF  HISTOLOGY 


(2)  ejection  of  fat-granules  from  the  epithelium  into  the  intercellular 
spaces;  (3)  ingestion  of  fat  by  leucocytes,  these  taking  it  up  after  it  has 
passed  out  of  the   epithelium-cells;    (4)  migration   of   leucocytes  carrying 

fat-particles  through  the  tissue,  of  the 
villus  and  into  the  central  lacteal;  (5) 
disintegration  and  solution  of  the  immi- 
grated leucocytes,  with  setting  free  -of 
their  contents.  Fat-particles  are  never 
seen  in  the  striated  border  of  the  columnar 
cell :  the  fat  of  the  food  first  becomes 
saponified  by  the  action  of  the  digestive 
juices,  and  reaches  the  epithelium-cell  in 
the  form  of  dissolved  soap ;  the  fat  which 
is  seen  and  stained  by  osmic  acid  within 
the  cells  has  become  re-formed  by  a  pro- 
cess of  synthesis. 

In    young    sucking    animals    (puppy, 
kitten)  the  fat   which   is  undergoing  ab- 
sorption is  sometimes  seen-  not  only  in  epithelium-cells  and  leucocytes,  but 
also  in  the  form  of  streaks,  stained  black  by  osmic  acid,  in  the  interstices 
of  the  reticular  tissue  of  the  villi. 

The  migration  of  leucocytes  into  the  lacteais  of  the  villi  is  not  a  special 


FlU.  493. — JJl'COUS  MUMBKAHJfi  OF 
I'BOU'S  INTESTINE  DURING  I'AT- 
ABSOEPTION. 

ep,  epithelium ;  tstr,  striated  liorder  ;  c,  leu- 
cocytes ;  It  lacteal.  The  fat  particleb  have 
beeu  stained  black  Iiy  osmic  acid. 


Fig.  494. — Two  stages  in  the  deposition  ur  f.vt  in  the  iNTESTiiSAL 

EPITHELIUM   OE  THE  FROG.      (Krehl.) 

\n  A  the  fat  is  in  very  Hue  particles  ;  in  B  most  of  it  is  aggregated  into  distinct  globules.     The  black 
staining  is  due  to  the  .action  of  osmic  acid. 


feature  of  absorption  of  fat,  but  occurs  also  when  absorption  of  other 
matters  is  proceeding  (fig.  485) ;  the  transference  of  fat-particles  is  there- 
fore merely  an  incident  in  the  general  phenomenon  of  migration  which 
accompanies  the  process  of  absorption. 
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B 

Fig.  495. — Glands  of  thk  lakge  intestine  of  child.     300  diameters. 
A,  in  longitudinal  section  ;  li,  in  transverse  section, 

2.^ 
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LAKGE    INTESTINE. 

The  large  intestine  has  the  usual  four  coats,  except  near  its  termination, 
where  the  serous  coat  is  absent.  In  man  the  muscular  coat  is  peculiar  in 
the  fact  that  along  the  cjecum  and  colon  the  longitudinal  muscular  fibres  are 
gathered  up  into  three  thickened  bands  which  produce  puckerings  in  the 
wall  of  the  gut. 

The  mucous  membra lu'  of  the  large  intestine  is  beset  with  simple  tubular 
glands  somewhat  resembling  the  crypts  of  Lieberkuhn  of  the  small  intestine, 
and  lined  by  columnar  epithelium  similar  to  that  of  the  inner  surface  of  the 
small  gut ;  but  containing  many  more  mucus-secreting  or  goblet  cells 
(fig.  495).  The  Ijlind  extremity  of  each  gland  is  usually  slightly  dilated. 
These  glands  of   the  large   intestine   are   not   strictly  homologous  with  the 


Fid.   490. — TTiNs\risi    si    lI(l^   or  ArRMiFdR-ii    mitndiv      (d    Mann. 


crypts  of  the  small  intestine,  for  whereas  the  latter  are  developed  as  de- 
pressions in  the  general  surface  between  the  villi,  the  glands  of  the  large 
intestine  are  formed  by  the  growing  together  of  villus-like  projections  of  the 
surface.  The  interglandular  tissue  is  a  reticular  tissue  and  is  beset  here 
and  there  with  solitary  gland.s,  especially  in  the  crecum.  The  mucous  mem- 
brane of  the  vermiform  appendix  (fig.  496)  is  in  great  part  of  its  extent 
packed  full  of  lymphoid  nodules. 

The  arrangement  of  the  blood-vessels  and  lymphatics  in  the  large  intestine 
is  like  that  in  the  stomach.  The  nerves  of  the  large  intestine  also  resemble 
those  of  the  stomach  and  small  intestine  in  their  mode  of  distribution. 

At  the  lower  end  of  the  rectum  the  circular  muscular  fibres  of  the  gut 
become  thickened  a  little  above  the  anus  to  form  the  internal  sphincter  muscle. 
In  the  anal  region  there  are  a  number  of  compound  racemose  mucous  glands 
opening  on  the  surface  of  the  mucous  membrane  {ariul  glands).  The  anal 
orifice  has  a  lining  of  stratified  epithelium  continuous  with  that  of  the  skin. 


LESSONS   XXXIV.   AND   XXXV. 
THE  LIVER  AND  PANCREAS. 

1.  Sections  of  liver  are  to  be  studied  carefully.  They  may  be  stained  with  eosin 
and  hssmatoxylin,  or  by  iron-hfematoxylin.  Sketch  the  general  arrangement  of 
the  cells  in  a  lobule  under  the  low  power  ;  and  under  the  high  power  make 
detailed  drawings  of  some  of  the  hepati"  cells  and  also  of  a  portal  canal.  If  from 
the  pig,  the  outlines  of  the  lobules  are  observed  to  be  well  marked  off  by  connective 
tissue. 

Notice  that  the  hepatic  cells  are  in  intimate  contact  with  the  blood-capillaries 
or  sinuses.  Some  cells  are  occasionally  found  to  contain  red  blood-corpuscles  ; 
many  contain  eosinophil  granules.  Notice  in  the  sinus-like  capillaries  the  partly 
detached  endothelial-oells  (stellate  cells  of  Kupffer).  These,  which  are  phagocytic, 
frequently  contain  erythrocytes,  which  appear  to  be  in  process  of  destruction. 

2.  To  observe  glycogen  within  the  liver-cells,  kill  a  rabbit  or  rat  (preferably 
about  six  hours  after  a  meal  of  carrot),  and  at  once  throw  a  thin  piece  of  the  liver 
into  96  per  cent,  alcohol.     When  well  hardened  the  piece  may  be  embedded  in 

■  paraffin  in  the  usual  way,  or  sections  may  be  cut  with  the  free  hand  without 
embedding.  Some  of  the  sections  so  obtained  are  to  be  treated  with  a  1  per  cent, 
solution  of  iodine  in  potassium  iodide  for  five  minutes  ;  they  may  then  be  mounted 
in  a  nearly  saturated  solution  of  potassium  acetate,  the  cover-glass  being  cemented 
with  gold  size,  and  can  thus  be  kept  for  a  time,  but  they  will  eventually  fade. 

3.  Presence  pi  iron.  In  sections  of  alcohol-hardened  liver  treated  first  with 
potassium  ferrocyanide  solution  and  then  with  hydrochloric  acid  and  alcohol 
(1  to  10),  then  passed  through  absolute  alcohol  into  xylol,  and  finally  mounted 
in  dammar,  many  of  the  pigment  granules  will  be  stained  blue  (Prussian  blue). 
Another  method  is  to  place  the  sections  in  an  aqueous  solution  of  hsematoxylin 
(1  to  300),  with  or  without  previous  treatment  with  alcohol  containing  10  parts  per 
cent,  hydrochloric  acid  (to  set  free  organically  combined  iron),  after  which  they 
are  mounted  in  the  ordinary  way  (Macallum). 

4.  Injected  preparations.  Study  with  the  low  power  a  thick  section  to  show 
the  general  arrangement  of  the  blood-vessels,  and  with  a  high  power  a  very  thin 
section,  which  may  be  lightly  stained  with  hsematoxylin.  In  this  the  injection 
will  be  seen  to  have  penetrated  into  canaliculi  within  the  liver-cells  them- 
selves. Make,  a  general  sketch  of  a  lobule  under  the  low  power  and  draw  a 
small  part  of  the  network  of  blood-vessels  and  intracellular  canaliculi  under  the 
high  power. 

5.  Take  a  small  piece  of  liver  which  has  been  several  weeks  in  2  per  cent- 
bichromate  of  potassium  solution  or  Miiller's  fluid  and  plunge  it  in  1  per  cent, 
nitrate  of  silver  solution,  changing  the  fluid  after  half  an  hour.  Leave  the  piece 
of  liver  in  the  silver  solution  overnight.  It  may  then  be  transferred  to  alcohol, 
and  after  complete  dehydration  embedded  and  cut  in  paraffin  in  the  usual  way  and 
the  sections  mounted  in  dammar.  In  many  parts  of  such  sections  the  bile-canaliculi 
are  stained. 

They  can  also  be  brought  to  view  (at  the  periphery  of  the  lobules)  by  injection 
with  solution  of  Berlin  blue  from  the  hepatic  duct ;  or,  throughout  the  whole  of 
the  lobule,  by  injecting  about  60  c.c.  of  saturated  sulphindigotate  of  soda  solution, 
in  three  successive  portions  at  intervals  of  half  an  hour,  into  the  blood-vessels  of 
an  ansesthetised  cat  or  rabbit.  Two  hours  after  the  last  injection  the  animal  is 
killed,  and  the  blood-vessels  washed  out  with  saturated  solution  of  potassium 
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chloride.     The  organ  is  then  iixed  with  absolute  alcohol.     The  chromate  of  silver 
method  is  easier  and  surer  than  the  injection  methods. 

6.  Tease  a  piece  of  fresh  liver  in  serum  or  salt  solution  for  the  study  of  the 
appearance  of  the  hepatic  cells  in  the  recent  or  living  condition. 

7.  Stained  sections  of  pancreas  from  a  gland  which  has  been  hardened  in 
alcohol,  or  in  formol  followed  by  alcohol.  The  sections  may  be  stained  with  eosin 
and  hsematoxylin  or  with  iron-hsematoxylin.  Notice  the  islets  of  Langerhans 
between  the  alveoli ;  they  are  most  numerous  near  the  splenic  end  of  the  pancreas. 

Make  sketches  under  both  low  and  high  power. 

8.  Tease  a  small  piece  of  fresh  pancreas  in  serum  or  salt  solution  or  in  dilute 
glycerine  after  treatment  with  osmic  acid.  Notice  the  granules  in  the  alveolar 
cells,  chiefly  accumulated  in  the  half  of  the  cell  which  is  nearest  the  lumen  of  the 
alveolus,  leaving  the  outer  zone  of  the  cell  clear. 

Sketch  a  small  portion  of  an  alveolus  under  a  high  power. 

9.  The  endings  of  the  ducts  in  the  alveoli,  and  the  termination  of  nerve-fibres 
amongst  the  gland-cells  may  be  seen  in  preparations  made  by  the  Golgi  method. 


THE  LIVER. 

The  liver  is  a  solid  glandular  organ,  made  up  of  the  hepatic  lobules. 
These  are  polyhedral  masses  (fig.  497)  about  1  mm.  (^-^  inch)  in  diameter, 
composed  of  cells,  and  separated  from  one  another  by  connective  tissue.  In 
some  animals,  e.g.  the  pig,  this  separation  is  complete,  and  each  lobule  is 
isolated,  but  in  man  and  most  animals  it  is  incomplete.  There  is  also  a 
layer  of  connective  tissue  underneath  the  serous  covering  of  the  liver, 
forming  an  external  capsule  to  the  organ.  Each  lobule  is  penetrated  by 
a  fine  network  of  reticular  tissue  which  helps  to  support  the  columns  of 
cells  within  the  lobule  (fig.  498). 

The  afferent  blood-vessels  of  the  liver  (portal  vein  and  hepatic  artery) 
enter  it  on  its  under  surface,  where  also  the  bile-duet  passes  away  from  the 
gland.  The  branches  of  these  three  vessels  accompany  one  another  in  their 
course  through  the  organ,  and  are  enclosed  by  loose  connective  tissue  (capsule 
of  Glisson),  in  which  are  lymphatic  vessels,  the  whole  being  termed  a  portal 
canal  (fig.  499).  The  smaller  branches  of  the  vessels  penetrate  to  the 
intervals  between  the  hepatic  lobules,  and  are  known  as  the  interlobular 
branches.  The  blood  leaves  the  liver  at  the  back  of  the  organ  by  the 
hepatic  veins ;  the  branches  of  these  run  through  the  gland  unaccompanied 
by  other  vessels  (except  lymphatics)  and  can  also  be  traced  to  the  lobules, 
from  each  of  which  they  receive  a  minute  branch  (central  or  intralobular 
vein)  which  passes  from  the  centre  of  the  lobule,  and  opens  directly  into  the 
(sublobular)  branch  of  the  hepatic  vein. 

Lobules. — Each  lobule  is  a  mass  of  cells  pierced  everywhere  with  a  network 
of  sinus-like  blood-vessels,  the  so-called  hepatic  capillaries  (figs.  497,  500). 
These  at  the  periphery  of  the  lobule  receive  blood  from  the  interlobular 
branches  of  the  portal  vein  (p),  and  converging  to  the  centre  of  the  lobule,  unite 
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to  form  the  intralobular  branch  of  the  hepatic  vein  (central  vein  of  lobule). 
The  interlobular  branches  of  the  hepatic  arteries  join  this  network  a  short 
distance  from  the  periphery  of  the  lobule.     The  blood-capillaries  are  in  direct 


FiC.     497. l)l.\CB.\MI\IATI(;    BEPKESENTATIHN     of    TWH    JlEr.VTII.'    iAIBUJ,ES. 

The  left-haml  loliule  i.^  rt'i'icseiiteil  with  the  iiitrahihiihir  \eiii  int.  ucrnss;  in  tlie  ri^^ht-hiunl  one 
the  seetion  talie.s  tlie  i-our.se  of  the  iTitralolmliir  \ein.  p,  Inlerlohnlar  liraiiehes  of  the 
portal  \eiii  ;  h.  inti'aiotmlar  liraiiehes  ot  the  liejiatie  \eins  :  x,  snlilolmjar  \  ein  ;  c.  eajiillaries  of 
the  loliules.  Tile  aiTuws  inilieate  the  flireetioii  of  tlie  eon^^e  of  the  hlouil.  The  lixer-eells  are 
onl,\  relilesented  in  one  ]iait  rif  eaeh  lobule. 


Fit:.     4!t,S.  —  ReTIITI^TJ]     hk    a     j,l\'EK-LOIirLE.        (Opllfl. 
r.C,  central  \eiii  ;  i,  interlolmlar  iuter\iil. 
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contact   with    the  liver-cells ;    their    endothelium   is   deficient,   for   artificial 
injections    come    in    actual    contact    with    the    cells    and    even    pass    into 


Fr*;.  499.  — Skitkjx  uf  a  puktal  (;axal:   ixh;.     Photograph.     Magnified 
al)out  50  diameters. 

The  lai'i^^e  \  e;ssel  is  ii  lininuh  of  thu  jiortal  \t'iii ;  the  irretfiilai'  tiitu'^  art  seftions  of  liranrhes  of  ihe 
hepatic  duct;  Ticar  thciii  are  sections  of  brandies  of  the  he]iatit;  artery.  All  the  \esscls  are 
enclosed  by  the  corniecti\e  tissue  of  the  capsule  of  Glisson  ;  in  this  tissue  se\eral  ]\  niphatic  \essels 
are  seen  as  clear  siiaces.     TVie  wliole  is  surrounded  by  the  liver-lobules. 


^^':m 


Fic.  .5(10. — JSectidn  of  dog'.s  livkr,  staineii  with  h.i:matuxyj.tn,  showin-c;  thk  iiEfATrc 

CELLS   AND    THE    SINUS-LIKE    NATURE    I_1F    THE     KLOOD-CHANNELS     BETWEEN     THEM. 

Photograph.     Magnitied  200  diameters. 

11  Hill  be  olwerved  that  in  most  phlc-es  tlii;  l>lo«l-cjliaiiin;ls  aro  rlirectly  bijuiidtd  by  the  li\  er-eells, 
the  eiidotheliuiii  of  the  bjood-siliusey  lieiny  deficient. 
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canaliculi  within  their  in'otoplasm.      What  remains   of    the   endothelium  of 
the  blood-sinuses  is  represented  by  conspicuous  cells  which  occur  at  intervals 


V,V- 


FiC.  .)lll. — KrcJM  a  suction  (ir  KAV.IUt's  LIVEH  injected  from  the  PORTA],  VEIN, 
SUOWINli  INTRACEELCEAK  CANAEICCI,!  COMMCNICATINI I  WITH  THE  INTERCELLULAR 
ULOOD-SIXCSOinS. 

on  the  walls  of  tlie  sinuses,  where  they  lie  in  coiitact  with   the  liver-cells. 
These  are  the  steUdtf  ivIU  described  by  Jvupffer.     They  are  highly  phagocytic, 


Fic.  502.--SE1TION  Oh-  kadbit's  liver  with  thu  intercellclar  network  or 

niLE-CANALicULi  INJECTED.     Highly  magnified.     (Heriiig. ) 

Two  (ir  three  layers  of  cells  are  represented  ;  b,  blood-eapillaries. 

like  the  endothelial  cells  of  the  Ijlood-sinuses  of  the  spleen,  and  ingest  erythro- 
cytes, which  can  be  seen  within  them.  They  also  tend  to  take  in  any  fine 
solid  particles  which  may  be  injected  into  the  blood. 
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The  hepatic  cells  (fig.  500),  which  everywhere  he  between  and  surround 
the    blood-sinuses,    are    polyhedral,    somewhat    granular-looking   cells,    each 

A  B 


)  ^ 


<^n 


OJ 


Fill.  50!. — Sketches  jllustI!Atin(;  tiiio  mannkr  in  wuini  uile  passes  ekum  the 
iiKPATir  (JeeJjS  into  the  INTEKi'EMjrij.VK  liiLE-CHANNELS.  (R.  Heitleiiliain  after 
Kupfter. ) 

A,  from  liver  of  rabbit  the  bilc-rtuets  of  wbirli  hail  bum  injected  baekwarils  from  the  heiiatio  dui't. 

B,  from  li\'er  of  frog  naturally  injected  \\ith  sulpliiiidiffotate  of  soda,  wliieh  when  transfused  into 

the  ))Iood  is  excreted  by  the  liver. 

containing   a   splierical  nucleus.     The  protoplasm  of   each   cell   is  pervaded 
by  an  irregular  network  of  canaliculi  (fig.   501);    these   in  preparations  of 


I  04 — LnJi      JUS       MVIMN        I\        LN       (1   ufuth.) 

injected  liver  become  filled  with  the  injection  material,  which  has  passed 
into  them  from  the  blood-vessels.  Thcj'  thus  form  a  system  of  intracellular 
canals  wdiich  receive  blood-plasma  directl)'  from  tlie  vessels  instead  of 
through   tlie  lymph-spaces  as  is  usual   in   most  organ.s.     Such   canals   were 
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conjeutured  to  exist  by  Browicz,  who  showed  that  under  eertaiii  circuin- 
stauces  not  only  hiemoglobin  \mt  whole  red  blood  -  corpuscles,  and  oven 
groups  of  blood-corpuscles,  which  are  in  jirocess  of  breaking  down,  are  to 
be  found  in  the  interior  of  the  hepatic  cells.  Tn  the  dog's  liver  both 
hwrnoglobin  and   bilirubin   may  be  found  in  the  form  of  crystals  within  the 


Fic.  505. — Liii!i'i>E  (IF  KABurr's  jjvkr  :  vnssm.s  and   i;ij_,k-jil'C'1'S  iNJjiCTEii. 

(Cadiat.) 

a,  L-i^iiLi'al  \ciii;  b,  b,  peri]'lieral  ni'  iriti'i-lnlmli^i-  \cins;  ^^  intL'rl.iliular  liilc-ihu-t.     Tlie 
ii\-er-culls  iLi-L  in;>t  rci>rt>^(.')itL''l. 

nuclei  of  the  liver-cells  (Browicz).  Browicz'  obsorNations  were  conlirmcil 
by  Herring  and  Simps<in  who  als(]  showed  that  it  is  possible  in  all  animals 
to  inject  the.se  minute  canals  from  tlie  blood-vessels  e\en  \s'lien  a  lnw 
pressure  is  used  for  injection.  They  are  seen  to  contain  the  injection 
material  which  has  been  used  to  lill  the  lildnd-vesscls  in  tig.  -lOl,  which  is 
from  a  preparation  of  tin;  rabljit's  liv(.'r. 

Besides  these  plasma-canaliculi  the  liver-cells  may  show  line,  short  canals 
which   communicate  with  the  intercellular  bile-ducts  (see  ne.xt  page)  ;    these 
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generally   commence    within    the    cell    by   dilatations   (secretion    vacuoles) 
(fig.  503) ;  probably  they  are  not  permanent  structures. 

After  a  mixed  meal  many  of  the  liver-cells  contain  fat,  and  masses  of 
glycogen  can  also  be  seen  within  them  (fig.  504)  if  the  liver  be  hardened 
in  alcohol  and  treated  in  the  manner  described  in  section  2.  The  cells  also 
contain  pigment-granules,  many  of  which  are  stained  by  potassium  fervo- 
cyanide  and  hydrochloric  acid,  or  by  pure  haematoxylin  (presence  of  iron). 


Fiii.  506. — Section  across  hepatic  duot  :  man. 


(v.  Ebner. )     Magnified  16  diameters. 
&,  areolar  tissue  with  vessels 


L,  lumen  of  diict  with  orifices  of  numerous  small  glands ;  a,  their  alveoli 
and  a  few  fat-cells ;  m,  plain  muscle-fibres. 

The  iron  which  is  in  organic  combination  can  be  set  free  by  treatment  for  a 
short  time  with  alcohol  to  which  10  parts  hydrochloric  acid  per  cent,  has  been 
added. 

The  smallest  ducts  commence  between  the  hepatic  cells  in  the  form  of 
intercellular  hile-chcmnels,  which  lie  between  the  adjacent  sides  of  the  cells, 
and  receive  the  contents  of  the  secretion-vacuoles  above  mentioned.  They 
form  what  appears  to  be  a  network,  the  meshes  of  which  correspond  in  size 
to  the  cells  (fig.  502);  in  some  cases  the  network  is  incomplete,  some  of 
the  channels  ending  blindly.  At  the  periphery  of  the  lobule  the  intercellular 
channels  pass  into  the  interlobular  bile-ducts  (fig.  505).  The  bile-channels 
are  always  bounded  by  hepatic  cells,  never  placed  between  a  cell  and  a 
blood-sinus  (G.  Retzius). 
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The  issuing  bile-ducts  are  lined  by  clear  coluuuiar  epitheliuui.  Outside 
this  is  a  basemeiit-meinbrano,  and  in  the  lai'ger  ducts  some  fibrous  and  plain 
muscular  tissue.  Many  of  the  large  ducts  are  beset  with  small  blind 
diverticula;  the  main  duct  has  snuill  acinous  glands  in  its  wall  (fig.   50G). 


Fi(i.   .307. — Sections  or  the  wall  of  tiik  (jALjj-r.j.AimLU.     (SoiiHiii.'r. ) 
A,  Tiider  .a  low  m.ayiiifyiiit.^  ]>owei'.     r(,  niusi-iiKar  c-out ;  b,  a  fold  of  iiun-oiis  iiiL'iiiliraiiL' ;  c,  loluri 

epitheiinm  ;  t\,  portion  represented  in  B  more  hi^^hly  liiaj^niilied. 
i>,  Ma,L;nified  portion  of  eintlietiuni  and  snlijaeent  eoriuni,     e,  striated  Ijorder  ;  /",  nniei^ati  ^a'aii 

in  eells  ;  f],  blood-capillaries. 


o 


Fi<i.  iiOS  — S>(  IK  N   (  1    111  M  \s    I  \\    I  I  \s       (b  111  I   Old  \    DwidiilT.) 
M  i^iiili*  il  4  >1)  li  till   teis 
f(,  Krowpof  i-ells  t       t  t    I  I  (lilt  1   I     I  I  I         1    ' 


duct :    «/,  (/     ihe  li 
{rraiiular  X(  i  l    f  al   c   1  i 


I  ti       L  1 


II     I      I    I 


f. 


The  gall-bladder  is  in  its  general  structure  similar  to  the  larger  bile-ducts. 
It  is  lined  by  columnar  epithelium  ;  outside  this  its  wall  is  formed  of 
fibrous  and  mu.scular  tissue.  Tlie  mucous  membrane  is  thrown  into  permanent 
reticulating  folds  (fig.  507),  which  become  larger  and  more  numerous  near 
the  neck  of  the  gall-bladder. 
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The  lympliatics  of  the  liver  were  described  by  MacGillivray  as  com- 
mencing as  perivascular  Ijnnphatic  spaces  enclosing  the  capillaries  of  the 
lobules.  But  this  cannot  be  so,  since  there  is  no  space  between  the  liver 
cells  and  the  blood  in  the  sinus-like  capillaries.  All  that  can  be  positively 
asserted  is  that  there  are  numerous  lymphatics  accompanying  the  inter- 
lobular branches  of  the  pc.irtal  vein,  and  others,  less  numerous,  accompany- 
ing the  tributaries  of  the  hepatic  veins,  but  so  far  as  can  be  ascertained  no 
direct  communication  exists  between  the  two  sets  of  lymphatics  within  the 
lobules,    although    they   communicate   freel}'   both   at   the   periphery   of   the 


Fii;.  509. 


-A>'    ISLET    or    L.\N(:EK1IA>:s    in    I'ANCKEAS    (ir    imc. 

300  diameters. 


jNIaciiiified 


lobules  and  near  their  exit  from  the  liver  (Herring  and  Simpson).  Most 
of  the  liver  lymph  passes  away  by  the  portal  lymphatics. 

The  nerves  of  the  liver  are  mostly  non-meduUated.  They  reach  the 
organ  tlirough  the  sympathetic.  They  ai-e  distributed  both  to  the  blood- 
vessels and  to  the  liver-cells. 

The  iiKjde  of  developnient  of  the  liver  has  already  Ijeen  considered  (p.  222). 

'J'HE  r.lNt'liEAS. 
The  pancreas  is  a  tubulo-racemose  gland,  resembling  the  serous  salivary 
glands  sij  far  as  its  general  structure  is  concerned,  but  difl'ering  from  them  in 
the  fact  that  the  alveoli  are  longer  and  more  tubular  in  character.  Moreover, 
the  connective  tissue  (jf  the  gland  is  somewhat  looser,  and  there  occur 
scattered  throughout  the  glandular  substance  small  groups  of  epitlielium-cells 
unfurnished  with  ducts  (ialcU  of  Lmnjerliau.^)  (^g.  508,  a;  fig.  .509),  which 
are  supplied  with  a  close  network  of  large  convoluted  capillary  vessels 
(fig.  .510).     The  presence  of  these  islets  is  very  characteristic  of  the  pancreas. 
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There  are  good  grounds  for  the  belief  that  they  are  concerned  with  the 
influence  exerted  by  the  pancreas  on  the  metabolism  of  carbohydrates. 

The  islets  contain  two  kinds  of  cell,  distinguishable  from  one  another  by  the 
characters  of  their  granules.  The  islets  are  well  brought  out  by  Bensley's  method 
of  staming  them,  m  vivo,  with  neutral  red  which  colours  them  selectively.  In  the 
human  pancreas  there  are  as  many  as  from  ten  to  twenty  islets  in  each  milligramme 
of  the  organ,  which  would  give  about  a  million  in  the  whole  pancreas  (Clerk) 


Fig.  510. — Injection  of  blood- vessels  or  an  "islet"  of  the  pancreas 
(Kilhne  and  Lea.) 


Fig.  511. — Part  of  an  alveolus  of  the  rabbit's  pancreas.     A,  at  rest  ; 
B,  after  active  secretion.     (From  Foster,  after  Kiihne  and  Lea.) 

a,  the  inner  granular  zone,  which  in  A  is  larger  and  more  closely  studded  with  granules  than  in  B, 
in  which  the  granules  are  fewer  ;  6,  the  outer  transparent  zone,  small  in  A,  larger  in  iJ,  and 
in  the  latter  marked  with  faint  striae ;  c,  the  lumen,  very  obvious  in  B,  but  indistinct  in  A  ; 
d,  indentation  at  the  junction  of  two  cells,  only  distinct  in  B. 

The  cells  which  line  the  alveoli  arc  columnar  or  polyhedral  in  shape. 
When  examined  in  the  fresh  condition,  or  in  sections  stained  by  certain 
reagents  {e.g.  osmic  acid),  their  protoplasm  is  seen  to  be  filled  in  the  inner 
two-thirds  with  granules,  but  the  outer  third  is  left  clear  or  is  striated  (figs. 
508,  509,  511,  A,  512).  After  a  period  of  activity  the  clear  part  of  the  cell 
becomes  larger,  and  the  granular  part  smaller  (fig.  511,  B;  fig.  513).  -In 
hsmatoxylin-stained  sections  the  outer  part  is  coloured  more  deeply  than 
the  inner  (fig.  509). 
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Panci'eas  cells  frequently  exhibit  a  rounded  mass  of  mitochondria  near 
the  nucleus,  which  is  known  as  the  paranucleus  (see  fig.  8)  :  it  is  probably 
related  to  the  secretory  activity  of  the  cells  and  is  not  peculiar  to  the 
pancreas,  although  often  better  marked  in  that  organ  than  elsewhere. 


Fic.  512. — Alvkii],t  of  hiki's  i'an(re.\s,  cktj.s  loahkd 
(liahUiii,  Ruba.sekin,  and  S.sawitscli 


c  iS^l  Tf    rHEP.\RATTOX. 


In  the  centre  of  each  acinus  there  may  generally  be  seen  a  few  spindle- 
shaped  cells  (cenfro-aciiiar  rflh  of  Langerhans — fig.  .508,  d),  the  nature  of 
which  has  not  been  definite!}'  determined ;  but  they  appear  to  be  continued 


Frr 


")13. — At.VKOM     (IF     doc's     FAM'KEAS     AFTF;R     a     PElilOD     OF     ACTIVITY     FROnUCED 
AFFLKATION     OF    ACTII    Til     MFfdrS      MEMBR.VNE     OF     DUODENUM.         (Babkill, 


Ruliasckiii,  and  Ssawitsch.) 


from  the  cells  which  line  the  smallest  ducts  (fig.  508,  e).  Sometimes  they 
are  more  conspicuous,  and  fill  th<'  parts  of  the  alveoli  which  are  nearest 
to  the  duct ;  in  these  cases  tlie  mass  of  cells  which  they  form  is  liable  to 
be  mistaken  for  a  Langerhans'  islet.  Diverticula  from  the  lumen  of  the 
alveolus  penetrate  between  the  alveolar  cells  (fig.  514)  as  in  serous  "lands 
generally. 
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The  pancreas  has  many  nerves,  with  numerous  small  nerve-cells  dis- 
tributed upon  their  coiu-se ;  the  ner\'e-fibrils  end  by  I'amifying  amongst 
the  cells  of  the  alveoli,  as  in  the  salivary  glands.  In  the  cat,  which  has 
Pacinian  bodies  in  its  mesentery,  these  terminal  organs  are  also  found 
numerously  in  the  substance  of  the  pancreas,  but  this  is  a  mere  accident, 
resulting  from  the  fact  that   the   pancreas   in   the   cat — as   in  many    other 


Fii;.  514.— A  DccT  df  the  i',\Ncr4KAS  wrni  lateral  dix  KiniciLA  into  ttie 
ALVEOLI  :    GOLfil   METHOD.      (E.   Miiller. ) 

In  A  the  cliir-t  i»  .xhmvii  cat  lon!,ntiirlinallv  .ithI  t;i»i"l.'  "«  ductules,  i»,  tn  tlu-  :il\e.ili.  nliere  they 
cxtenil  between  the  cells,  I.  In  B  tlie  .letails  ut  their  ternimatmii  are  shown  mure  Ins-hly 
ina{;rnifie(I. 

animals— has   a   thin   extension   between  the  layers  of  the  mesentery,  and 
the  last-named  membrane  always  in  the  cat  contains  Pacinian  corpuscles. 

Development.— The  pancreas  is  formed  from  an  ovitgi-owtli  (at  tii'st  solid, 
afterwards  becoming  hollowed  out)  of  tlie  entoderm  of  the  small  intestme  much 
in  the  same  way  that  the  salivary  glands  ai'C  developed  from  the  ectoderm  of  the 
mouth.  The  islets  of  Langerhans  make  their  appearance  as  buds  from  the 
developing  ducts,  but  they  remain  solid  and  do  not  acquire  a  hnuen  like  the  alveoli  ; 
their  connexion  with  the  ducts  liecomes  lost  and  they  become  isolated  m  the 
midst  of  the  glandular  substance  of  the  organs. 
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LESSON  XXXVI. 
THE  KIDNEY,   URETER  AND   BLADDER. 

1.  Sections  passing  through  the  whole  kidney  of  a  small  mammal,  such  as  a  mouse 
or  rat.  The  sections  will  show  the  general  arrangement  of  the  organ  and  the  dis- 
position of  the  tubules  and  of  the  Malpighian  corpuscles. 

2.  Thin  sections  of  the  kidney  of  a  larger  mammal,  such  as  the  dog  or  cat,  may 
next  be  studied.  In  some  the  direction  of  the  section  should  be  parallel  with 
the  rays  of  the  medulla  ;  in  others  across  their  direction.  The  characters  of  the 
epithelium  of  the  several  parts  of  the  uriniferous  tubules  and  the  sti'ucture  of 
the  glomeruli  are  to  be  made  out  in  these  sections. 

3.  Separate  portions  of  the  uriniferous  tubules  may  be  studied  in  teased 
preparations  from  a  kidney  which  has  been  macerated  in  strong  hydrochloric  acid 
for  a  few  hours.     This  renders  it  possible  to  unravel  the  tubules  for  some  distance. 

4.  Thick  sections  of  a  kidney  in  which  the  blood-vessels  have  been  injected. 
Examine  these  with  a  low  power  of  the  microscope.  Follow  the  course  of  the 
arteries  of  the  cortex  sending  their  branches  to  the  glomeruli,  and  observe  the  pencils 
of  capillaries  which  run  between  the  straight  uriniferous  tubules  of  the  boundary 
zone.  Notice  the  efferent  vessels  from  the  glomeruli  breaking  up  into  the 
network  of  capillaries  distributed  to  the  tubules. 

5.  Section  across  the  lower  part  of  the  ureter.  Another  section  may  be  taken 
across  the  upper  part  near  the  pelvis  of  the  kidney. 

6.  Section  of  the  urinary  bladder  vertical  to  the  surface. 

In  the  sections  of  the  ureter  and  of  the  uiinary  bladder,  notice  the  transitional 
epithelium  resting  on  a  mucous  membrane,  which  is  composed  of  areolar  tissue 
without  glands  (in  most  animals);  also  the  muscular  coat  outside  the  mucous 
membrane.  In  the  ureter  there  is  a  layer  of  connective  tissue  outside  the  musciilar 
coat,  and  at  the  upper  part  of  the  bladder  a  layer  of  serous  membrane  covering 
the  muscular  tissue. 


The  kidney  is  a  compound  tubular  gland.     To  the  naked  eye  it  appears 

formed  of  two  portions — a  cortical  and  a  medullary  (fig.  515).     The  latter 

is   subdivided   in   man   into   about   twelve    conical    portions   {pyramids   of 

Malpicfhi),  the  base  (boundary  zone)  of  each  being  surrounded  by  cortical 

substance,  while  the  apex  projects  in  the  form  of  a  papilla  into  the  dilated 

commencement   of   the   ureter   (pelvis   of  the   kidney).'^     Both    cortex   and 

medulla  are  composed  entirely  of  tubules — the  uriniferous  tubules — which 

have  a  straight  direction  in  the  medulla  and  a  contorted  arrangement  in  the 

cortex ;  but  groups  of  straight  tubules  also  pass  from  the  medulla  through 

the  thickness  of  the  cortex  as  the  so-called  medullary  rays  (figs.  515,  516). 

I 
'  In  many  animals  [e.g.  dog,  cat,  rabbit,  monkey)  the  whole  kidney  is  formed  of 
only  a  single  pyramid ;  in  others  the  pyramids  are  even  more  numerous  than  in  man. 
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Fiti.  516. —Diagram  or  the  course  of  the  tubules  in  a  UNirvKAMiDAL 

KIDNEY,    SUCH   AS   THAT    OF   THE   RABBIT.       (Toldt. ) 

rt,  Malpi^hian  bodies  ;  6,  first  convoluted  twbnle  ;  c,  d\  looped  tube  of  Henle  ;  c,  second 
convoluted  ;  /,  collecting  tube  ;  (7,  ducts  of  Bellini. 


The  uriniferous  tubules  begin  in 
dilatations,  each  enclosing  a  tuft  or 
glomerulus  of  convoluted  capillary 
blood-vessels  (corpuscles  of  Mal- 
pigfii),  the  dilated  commencement 
of  the  tubule  being  known  as  the 
capsule  (fig.  519,  m).  The  glomer- 
ulus is  lobulated  (figs.  517,  518); 
the  lobules  being  united  by  the 
branches  of  the  afferent  and  efferent 
vessels ;  it  is  covered  by  a  flattened 
epithelium  reflected  from  that  lining 
the  capsule;  this  epithelium  dips 
in  between  the  lobules.  The 
glomeruli  near  the  medulla  are 
larger  than  the  rest  and  have  more 
lobules.  The  capillary-wall  in  all 
the  glomeruli  is  a  syncytium,  show-  p 
ing  no  cell-outlines  in  silver  pre- 
parations (Drasch). 

The   tubule   leaves   the   capsule 
by  a  neck   (fig.   519,  n)  which  is, 
however,  rarely  narrower  than  the  rest 
24 


the    cortical   part    of  the   organ    in 


Fiii.  516.' — Section  through  part  of  a 
dog's  kidney.     (Ludwig.) 

,  papillary,  and  ff,  boundary  zones  of  the  medulla ; 
r,  cortical  layer ;  A,  bundles  of  tubules  in  the 
boundary  layer,  separated  by  spaces,  &,  containing 
bunches  of  vessels  (not  here  represented),  and 
prolong;ed  into  the  cortex  as  the  medullary  rays, 
m ;  c,  intervals  of  cortex,  composed  chiefly  of  con- 
voluted tubules,  with  irregular  rows  of  glomenili, 
between  the  medullary  rays.  * 

of  the  tubule  in  mammals.     In  some 
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l''n;.    517. — -A    MaJJ'KMIIAN    (■(UIITSI'I.K    I-'KuM    TUI^    KfltiNKY    OF    T]IE    MONKEY. 

(SzymoiKiwic/.. )     Magnified  350  diameters. 

a,  fl,  ser^tioiis  nf  r-oii\(j|ulc'd  tiilmlfs  ;  ii\  riniinieiiceinciit  of  uojivolutffl  tuIie  from  caiisnk' ; 
h^  ca\isulc  ;  c,  iiffurent  arifl  uITeix'jit  vessels  of  gloiiienilu:^. 


animals  (<'.<j. 


Fr.;.   518.- 
«,  affcre 

tlian   bcfoi'e 


frog)  the  neck,  is  long,  and  has  ciliated  epithelium.     The  tuhule 

is  at  first  eouvoluted  {first  or  (Hnial 
convoluted  tiLbiile).  It  then  becomes 
neailjr  straight  or  slightly  spiral 
only  (sptral  tubule),  and  rapidly 
narrowing  passes  down  into  the 
medulla  towards  the  dilated  com- 
mencement of  the  ureter  as  the 
di-sreiixlinij  limb  of  the  looped  tubule 
iif  Henle.  It  does  not  at  once, 
however,  open  directly  into  the 
pelvis  of  the  kidney,  but  before 
reachuig  the  end  of  the  papilla  it 
turns  round  in  the  form  of  a  loop 
[loop  of  Ileide),  and  passes  upwards 
again  towards  the  cortex,  parallel 
to    its    former    course,    and    larger 

{ascending  limb  of  looped  tubule   of  Henle).     Arrived   at    the 


jUollKI,    OK    A    CJJJMEKl'l.rs 

(Jiilinstiin.) 
■nt;  (',  effcTfiit  l)lunrj-\"essc-'l. 
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cortex   it  approaches   close   to   the   capsule   from   which   the   tubule   took 
origin,  but  at  a  point  opposite  to  the  origin,  viz,,  near  the  afferent  and 


Fi(^.  519. — Plan  ofthk  arkanij}!;- 

MENT       OF       THE       UKINIFEROUS 

TUBULJiiS.    •(Huber. ) 

jV,  Malpig-hian  corpuscles;  y,  point  of 
entrance  of  vessels  of  glomerulus ; 
■n,  neck  ;  (Z.c,  distal  convoluted  tubule, 
which  arises  from  the  Malpitfhian 
corpuscle ;  »,  spiral  tubule  into  which 
it  is  continued ;  d,  narrow  descending- 
limb  of  loop  of  Henle ;  II,  loop  of 
Hejile  (this  is  sometimes  formed  by 
the  narrow  part  of  the  looped  tubule, 
but  is  here  rejpresented  as  formed  by 
the  wider  part) ;  ct,  wider  ascending 
limb  of  loop  of  Henle ;  this  passes 
back  to  the  neig-hbourhood  of  the  same 
Malpighian  corpuscle,  often  becoming 
irregular  and  zigzag  at  its  upper  end. 
Here  it  becomes  continuous  with  the 
proximal  convoluted  tubule,  jj.c,  which 
eventually  passes  into  the  junctional 
tubule,  3-,  by  wlaioh  it  is  connected 
with  a  collecting  tubule,  c.  B,  duct 
of  Bellini,  receivuxg  a  number  of  con- 
joined collecting  tuTjules  and  opening 
at  a  papilla. 


efferent  vessels  of  the  glomerulus  (Golgi).  It  then  becomes  larger  and 
irregularly  zigzag  {zigzag  or  irregular  tubule),  and  again  somewhat  convoluted 
(second  or  proximal  convoluted  tubule).  Eventually  it  straightens  out  again 
and  narrowing  into  a  small  vessel  {junctional  tubule),  joins  a  straight  or 
collecting  tubule.    The  last-named  unites  with  others  to  form  larger  collecting 
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tubes  which  pass  througli  the   medullary  substance   of   the  kidney  tu  open 
at  the  papilla  as  the  duels  nf  Bel  Hid  (fig.  520). 

The  tubules  are  throughout  bounded  by   a  basement-iuembrane,    which 
is  lined  by  epithelium  ;    the  characters  of   the  epithelium-cells  vary  in  the 


Kii;.   .520. — Li>N(:rrui>i.\'.\jj  secthin  TiiHuuciii  a  i^.m^ilj^.v  of  thk  kiunkv,  si-kiwinc 

ITS    imaJKCTlUN    AT    ONK    (IF    THK    CALICE8    UF   THE    KIDiNEV-l'EEVIS.       (Uisse.) 
The  (iuctw  of  Bellini  are  seen  cut  ot»U(|ue]y  ;  the  siiuiller  tuljules  .are  Itioiied  tnt)vile.s  of  Herile  ;  a, 
epithelium  eo\erin;,r  jiapilLi  ;  &,  e]iitheliniii  liiiin^^  cjilix  ;  c,  ea\ity  of  calix  ;  i^,  eoniieeti\'e  tissue. 

different  parts  of  a  tubule.  In  the  capsule  (fig.  517),  the  epithelium  is 
flattened  and  is  reflected  over  the  glomerulus.  In  some  animals  (e.(/.  mouse) 
the  granular  epithelium  of  the  convoluted  tube  is  prolonged  a  little  way  into 
the  capsule.  In  the  first  convaluted  and  spiral  tubules  the  epithelium  is 
thick,  and  the  cells  are  markedly  granular,  with  a  tendency  for  the  basal 
granules   (mitochondria)   to    be    arranged    in    longitudinal    rows    as    in    the 
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cells  of  the  salivary  ducts  (rodded  or  fihiillar  appearance,  fig.  522).  The 
granules  near  the  lumen  are  not  so  arranged  and  are  eosinophil.  The  cells 
often  exhibit  a  brush  of  cilium-like  processes  projecting  into  the  lumen 
(fig.  522),  but  these  are  not  vibratile.  In  the  narrow  descending  limh 
of    the    looped    fuhides,    and    in    the    loop    itself,    the    cells    are    clear    and 


Fii;.  521. — Part  of  a  section  THROTTiiir  the  fORTEx  op  a  human  kidney,  the 

BLIKlIi-VESSELS    OF    WHICH    HAVE    IlEEN    IN.IECTKD.        (I)isse.) 

rfl.,  a  fxloiiitruhisi ;  m.r.,  section  of  a  inerlullary  r.ay. 


flattened  (fig.  52.3),  and  leave  a  relatively  large  lumen ;  in  the  ascending 
limh  they  again  acquire  a  granular  or  fibrillar  structure  and  may  nearly  fill 
the  lumen.  The  arrangement  of  the  cell-granules  in  lines  perpendicular  to 
the  basement-membrane  is  still  more  marked  in  the  zigzag  tubules,  and 
a  similar  structure  is  present  also  in  the  second  convoluted  tubules,  into 
which  these  pass.  On  the  other  hand,  the  junctional  tubule  has  a  larger 
lumen    and    in    it    the    granular    striated    epithelium    gives    place    to    clear 
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flattened  cells.     The  collecting  tubes  have  also  a  very  distinct  lumen  and 
are  lined  by  clear  cubical  or  columnar  epithelium-cells  (fig.  527,  a). 

The  following   gives   a   tabular   view   of    the   parts   which   compose   a 
uriniferous  tubule,  and  the  nature  of  the  epithelium  in  each  part : — 


Portion  of  TubuIjB. 

Nature  of  Kpithblium. 

Position  of  Tdbiilb. 

Capsule 

Flattened,  reflected  over  glomer- 
ulus, where  its  cells  are  said  to 
form  a  syncytium 

Labyrinth  of  cortex.' 

Distal  convoluted  tubule 

Cubical,    granular,    with   appear- 
ance of  fibrillation  ("rodded"), 
the  cells  interlocking 

Labyrinth  of  cortex. 

Spiral  tubule 

Like  the  last 

Medullary  ray  of 
cortex. 

Descending      limb      of 

Clear  flattened  cells 

Boundary    zone    and 

looped  tubule 

partly  papillary 
zone  of  medulla. 

Loop  of  Henle 

Like  the  last  (or  may  be  like  the 

Papillary      zone       of 

ascending  limb) 

medulla. ' 

Ascending       limb      of 

Cubical,  granular  ;  the  cells  some- 

Medulla,  and  medul- 

looped tubule 

times  imbricated 

lary  ray  of  cortex. 

Zigzag  tubule 

Cells  strongly  "rodded";  vary- 
ing height,  lumen  small 

Labyrinth  of  cortex. 

Proximal        convoluted 

Similar  to  distal  convoluted  tube. 

Labyrinth  of  cortex. 

tubule 

but  cells  are  longer,  with  larger 
nuclei,   and  they  have  a  more 
refractive  aspect 

Junctional  tubule 

Clear  flattened  and  cubical  cells  . 

Labyrinth,  passing 
to  medullary  ray. 

Straight    or    collecting 

tubule 
Duet  of  Bellini 

Clear  cubical  and  columnar  cells  . 

Medullary     ray     and 

medulla. 
Opens     at     apex    of 

Clear  columnar  cells     . 

papilla. 

Fio.  522. — Section  of  a  convoluted 

TUBULE   op   the    BABBIT's    KIDNEV, 
SHOWING    THE    STEUCTURB    OF    THE 

EPITHELIUM.  (Szymonowioz. )  Mag- 
nified 1100  diameters. 


Blood-vessels. — The  renal  artery 
divides  into  branches  on  entering  the 
organ,  and  these  branches  pass  towards 
the  cortex,  forming  arched  vessels 
between  the  cortex  and  the  medulla 
(fig.  524,  a).  The  branches  of  the  renal 
vein  which  are  similarly  placed  are  more 
distinctly  arched  {g).  From  the  arterial 
arches  vessels  pass  through  the  cortex 
{cortical  or  interlobular  arteries,  b),  and 
give  off  at  intervals  (in  some  animals 
from  one  side  only)  small  arterioles 
(afferent  vessels  of  the  glomeruli),  each  of 
which  enters  the  dilated  commencement 
of  a  uriniferous  tubule,  within  which  its 
capillaries  form  a  glomerulus.     From  the 


'  The  part  of  the  cortex  between  and  surrounding  the  medullary  rays  is  so  named. 
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glomerulus  a  somewhat  smaller  efferent  vessel  passes  out,  and  this  at  once 
again  breaks  up  into  capillaries,  which  are  distributed  amongst  the  tubules 
of  the  cortex  (e).  Their  blood  is  collected  by  veins  which  run  parallel  with 
the  cortical  arteries  but  not  in  juxtaposition  with  them.  These  veins  join  the 
venous  arches  between  the  cortex  and  the  medulla.  They  receive  blood  from 
certain  other  veins  which  arise  by  radicles  having  a  somewhat  stellate 
arrangement  near  the  capsule  (vence  stellulce,  j). 

The  medulla  derives  its  blood-supply  both  from  special  offsets  of  the 
arterial  arches,  which  immediately  break  up  into  pencils  of  fine  straight 
arterioles  running  in  groups  between  the  straight  tubules  of  the  medulla, 
and  from  the  efferent  vessels  of  the  glomeruli  which  are  near  the  medulla. 


Fir;.  523. — Passa^b  of  the  spiral  continttation  of  a  distal  convoluted  tubule 

INTO    THE    DESOENDINO     LIMB     OF    LOOPED    TUBULE    OF     HENLE.       (Disse. )        The 

bend  is  accidental. 

s,  end  of  spiral  tubule  ;  d,  narrow  descending^  limb  of  looped  tubule  of  Henle. 


These  vessels  supply  a  capillary  network  with  elongated  meshes  which 
pervades  the  medulla  (fig.  524,  f),  and  which  terminates  in  a  plexus  of 
somewhat  larger  venous  capillaries  in  the  papilla.  From  these  capillaries 
the  venules  of  the  medulla  collect  the  blood,  and  pass,  accompanying  the 
straight  arterioles,  into  the  venous  arches  between  the  cortex  and  medulla. 
The  groups  of  small  arteries  and  veins  (yasa  recta)  in  the  part  of  the  medulla 
nearest  to  the  cortex  alternate  with  groups  of  the  uriniferous  tubules ;  this 
arrangement  confers  a  striated  aspect  upon  that  part  of  the  medulla 
{boundary  zone,  fig.  516,  g). 

In  some  animals  most  of  the  blood-supply  of  the  medullary  tubules 
comes  from  the  efferent  vessels  of  the  deep  glomeruli. 

Between  the  uriniferous  tubules,  and  supporting  the  blood-vessels,  is  a 
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variable  amount  of  connective  tissue,  greatest  in  quantity  in  the  papillae 
(fig.  527),  containing  cleft-like  lymphatics. 

Nerve-fibrils  ramify  amongst  the  epithelium-cells  of  the  tubules  (fig.  528), 
but  most  of  the  nerves  to  the  kidneys  are  distributed  to  the  blood-vessels. 


Fig.  524. — Vascular  supply  or  kidney.     (Cadiat.) 

a,  part  of  arterial  arch  ;  &,  interlobular  artery ;  c,  glomerulus ;  d,  efferent  vessel  passing  to  medulla ; 
e,  capillaries  of  cortex ;  /,  capillaries  of  medulla ;  g,  venous  arch  ;  A,  straight  veins  of  medulla ; 
3,  vena  stellula ;  i,  interlobular  vein. 


Development  of  the  uriniferous  tubules.— The  ducts  of  Bellini  and  the 
collecting  tubules  are  derived  as  hollow  sprouts  from  the  enlarged  upper  end  of 
the  ureter,  which  in  its  turn  is  formed  as  a  bud  from  the  Wolffian  duct  of  the 
embryo.  The  rest  of  the  uriniferous  tubule,  including  the  Malpighian  corpuscle, 
is  formed  from  a  hollow  S-shaped  island  of  cells  which  become  differentiated  in 
the  mesoderm  near  the  blind  end  of  a  collecting  tubule.  The  lower  part  of  the  S 
forms  a  spoon-shaped  structure,  within  the  bowl  of  which  the  vessels  of  the 
glomeruli  are  developed  ;  the  sides  of  the  bowl  then  grow  round  and  completely 
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Fic.   52.1. — FKO^^  an  y>j.iEi'THii   KrnNF.v.      (Pi-eiiant  ami  Kduiii.) 

O  .rtiriil  avt.erii.k-  cri  rhe  I. ■ft  s;iviiii:  "El  an  affcivnt  vrss.-l  to  flip  !,'l""iiiiil"^-     l''i"i"  H"^  'i  (■iinallf-r) 
ftTflviit  \i---rl  .■liiiies  "ft  an. I  jnins  thn  rai^illaiit-s  snii'i.nnclins;-  Hi"  Inlmli-v. 


Fid.  526. — A  fiLOMERrr.rs  frcim  tite  I'Art  iif  TrfK  chrtkx  cif  thk  horse's  ktt>\ey 
NE.iREST  THE  MEDULLA:  iN.iErTEi).     (rjowiiiaii.)     Magiiitiecl  7<)  diameter.^. 

0,  oortical  artoi\\' ;  af,  afferent  \'essel  nt  t^Homefiilus  ;  ?n>/j,  t^lnineiiilii^  ;  p§.  fft\'i-ent.  \"0.«sel  lireakin;,.-  iiji 
into  a  penf'il  of  eapillan'e«,  h.  wliir-li  jiass  ilu\\]i  iK^tween  tin'  tiit)nl('s  cif  tlie  inedtilla. 
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enclose  them.     The  upper  part  of  the  S  forma  a  convoluted  tubule  which  before 
long  makes   connexion  with   the  previously  blind  end  of  the  forked  collecting 


Fig.  527. — Section  across  a  papilla  of  the  kidney.    (Cadiat.) 

a,  larg^e  collectinff  tubes  (ducts  of  Bellini) ;  b,  c,  J,  tubules  of  Henle  ;  e;/,  bloocl-capillaries. 

tubule.     At  first  there  is  no  sign  of  the  looped  tubule,  but  this  presently  grows 
down  from  the  convoluted  tubule,  \'ery  much  as  if  a  part  of  this  tube  had  been 


FlO.  528. — NKBVE-riERILS  ENDING  OVER  CAPILLARY  BLOOD-VESSELS  AND  AMONGST 
THE  EPITHELIITM-CBLLS  OF  A  CONVOLUTED  TUBE  OF  TUB  FROG'S  KIDNEY. 
(Smirnow.) 


drawn  out  towards  the  papilla.  The  several  stages  of  formation  of  the  uriniferous 
tubule  are  shown  in  the  diagrams  marked  1  to  5  in  fig.  529.  These  diagrams 
exhibit  nine  stages  of  development  of  the  tubules,  since  in  every  one,  except 
diagram  3,  an  earlier  stage  is  represented  upon  the  left-hand  side,  and  a  later  upon 
the  right-hand  side. 
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Fic.  529.- 


-FlVP,   DIAGRAMS   TO   ILLUSTRATE   THE    MODE   OF    DEVELOPMENT    OF   THE 
URINIFEROUS   TUBULES   AND    THE    GLOMERULI.       (Hllber. ) 


THE   URETEE   AND   BLADDEE. 


The  ureter  (fig.  530)  is  a  muscular  tube  lined  by  mucous  membrane. 
The  musctdar  coat  consists  of  two  layers  of  plain  muscular  tissue,  an  outer 
circular,  and  an  inner  longitudinal.  In  the  lower  part  there  are  some 
longitudinal  bundles'  external  to  the  circular.  Outside  the  muscular  coat  is 
a  layer  of  connective  tissue  in  which  the  blood-vessels  and  nerves  ramify 
before  entering  the  muscular  layer. 

The  mucous  membrane  is  composed  of  areolar  tissue,  and  is  lined  by 
transitional  epithelium,  like  that  of  the  bladder. 

The  urinary  bladder  has  a  muscular  wall  lined  by  a  strong  mucous 
membrane  and  covered  in  part  by  a  serous  coat. 

The  muscular  coat  consists  of  three  layers,  but  the  innermost  is  incom- 
plete. The  principal  fibres  run  longitudinally  and  circularly  ;  the  circular 
fibres  are  collected  into  a  layer  of  some  thickness  which  immediately 
surrounds  the  commencetnent  of  the  urethra.      The   mucous  membrane  is 
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lined   by   ii   transitional    stratified    epithelium    (fig,    531).      The    shape    and 
structure   nf  the  cells   have    already    been    studied    (p.  fifi).      Many   of   the 


V- 


Fid.   530. — Sk(tt(in  .NciKiSR  URETKU:   noi;.     Magnified  90  rlianieters. 

superficial  cells  have  two  nuclei.  Gland-like  invaginations  of  the  epithelium 
are  occasionally  found  near  the  base  of  the  bladder  in  man  (fig.  5.31)  ;  in  the 
bladder  of  some  animals  well-marked  glands  constantly  occur. 


Frii.   ."531. — 8k('tion  of  taht  of  wat.l  of  hask  of  r.i.AUDFR  :  iri'MAX.     (Lendorf.) 
Magnified  '230  diameters. 

Thf  section  })£isses  rhrrmi,^])  a  ^^Handnlar  in\aj,nnation  of  the  epitholiuni.     ep,  c-V'itlieliuni  ; 

c,  roriuni. 

The  nerves  to  the  bladder  form  gangliated  plexuses,  and  are  distributed  to 
the  muscular  tissue  and  blood-vessels  :  some  are  said  to  enter  the  epithelium. 


LESSOlSr  XXXVII. 
THE  MALE  GENERATIVE  ORGANS 

1.  Sections  across  the  penis  (child  or  monkey).  The  blood-ve.sseIs  of  the  oignu 
should  be  injected  with  the  hardening  fluid  so  as  the  better  to  exhibit  the  arrange- 
ment of  the  venous  spaces  which  constitute  the  erectile  tissue.  Notice  the  large 
venous  sinuses  of  the  corpora  cavernosa  and  the  smaller  spaces  of  the  corpus 
spongiosum  ;  in  the  middle  of  the  latter  is  seen  the  (flattened)  tube  of  the  urethiu. 

2.  Section  of  prostate  gland  (child  or  monkey).  Notice  the  glandular  tubes 
and  the  plain  muscular  tissue  of  the  prostate.  The  character  of  the  urethial 
epithelium  may  also  be  observed. 

3.  Section  of  testicle  and  epididymis.  The  sections  may  be  made  from  a  testicle 
(rat  or  cat)  which  has  been  hardened  in  alcohol  oi'  formol  ;  they  can  be  stained  with 
hsematoxylin  and  eosin  or  with  iron-haematoxylin.  In  these  sections  notice  the 
strong  capsule  surrounding  the  gland,  the  substance  of  which  consists  of  tubules 
which  are  variously  cut  ;  and  the  epithelium  of  the  tubules,  which  is  in  different 
phases  of  development  in  diflerent  tubules.  Observe  the  stiands  of  polyhedial 
interstitial  cells,  much  more  numerous  in  some  animals,  lying  in  the  loose  tissue 
between  the  tubules  ;  also  the  lymphatic  clefts  in  that  tissue.  Notice  in  sections 
through  the  epididymis  the  lining  epithelium  and  the  spermatozoa  within  the 
lumen  of  the  tube. 

Sketch  carefully  under  a  high  power  the  contents  of  sonte  of  the  seminiferous 
tubules  to  illustrate  the  mode  of  formation  of  spermatozoa. 

4.  Section  of  vesicula  seminalis,  fixed  and  hardened  in  foi'mol  and  stained  with 
hsematoxylin  and  eosin  or  with  iron-hsematoxylin.  Notice  the  two-layered 
epithelium,  the  more  superficial  cells  being  long  and  columnar'  but  not  ciliated  ; 
the  deeper  cells  short  and  swollen  out  by  clear  fluid. 

5.  Examination  of  spermatozoa.  Spermatozoa  may  be  obtained  fresh  from  the 
testicle  or  epididymis  of  a  recently  killed  manuual  and  examined  in  saline  solution. 
Their  movements  may  be  studied  on  the  warm  stage  ;  to  display  their  structui'e  a 
very  high  power  of  the  micioscope  is  necessary.  They  may  be  pi'eserved  and 
stained  as  '* film "  preparations,  as  with  luariow  (p.  32). 


THE   PENIS,   URETHRA   AND   PROSTATE. 

The  penis  is  for  the  most  part  composed  of  cavernous  tissue  which  is 
collected  into  three  principal  masses — the  corpora  cavernosa,  one  on  each 
side,  and  the  cor-pus  spongiosum  in  the  middle  line  inferiorly.  The  corpus 
spongiosum  becomes  enlarged  near  its  termination  to  form  the  glans.  It  is 
traversed  throughout  by  the  urethra,  which  extends  from  the  bladder  to  the 
apex  of  the  glans.  Each  of  these  masses  is  bounded  by  a  strong  capsule  of 
fibrous  and  plain  muscular  tissue,  containing  many  elastic  fibres  and  sending  in 
strong  septa  or  trabeculse  of  the  same  tissues,  which  form  the  boundaries  of 
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the  cavernous  spaces  of  the  erectile  tissue  (fig.  533).  The  arteries  of  the  tissue 
run  in  the  trabeculn-,  and  their  capillaries  open  into  the  cavernous  spaces. 
On  the  other  hand,  the  spaces  are  C(jnnected  with  efferent  veins.  The 
arteries  of  the  cavernous  tissue  may  sometimes  in  injected  specimens  be 
observed  to  form  looped  or  twisted  projections  into  the  cavernous  spaces 
{helicine  arterifs  nf  MiiJler),  into  which  they  then  open  directly.  The 
arteries  of  the  cavernous  tissue  often  have  localised  thicknesses  of  the  inner 


Fic.   532. — Tkansvkk.se  .sectiox  or  i;l.\>-s  I'EiSis  ur  ciiiKii.     (Kotlifeld.) 

c.i:,  forpora  (■a\'L'riiosa  ;  sji,  corpus  .spori^^io.suiii ;  sp\  corpus  s]ion^^iosuni  uret.tn'ii;,  with  the 
knnen  of  the  urethra  in  the  centre  appearinf^  as  an  irret,mlar  slit  \\'ith  folded  walls. 


coat,  and  many  of  the  veins  have  longitudinal  muscle-iibres  in  the  inner  coat 
whicli  form  pad-like  projections  into  the  lumen. 

The  integument,  especially  that  of  the  glans,  contains  nmnerous  special 
nerve-end  organs  of  the  nature  of  end-bulbs.  Pacinian  bodies  are  also  found 
upon  the  deeper  nerves.  Lymphatic  vessels  are  nuiniirous  in  the  integument 
of  the  organ  and  in  the  submucous  tissue  of  the  urethra. 

Urethra. — The  lumen  of  the  urethra  appears  in  sections  across  the 
penis  in  the  form  of  an  irregular  cleft  in  the  middle  of  the  corpus  .spongio- 
sum (fig.  o3"2).  It  is  lined  in  the  prostatic  part  by  tran.sitional,  but 
elsewhere  by  columnar  epithelium,  except  near  its  orifice,  where  the 
epithelium    is    stratified.       The    urethral     epithelium    rests    upon    a    very 
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vascular  mucous  membrane.  Outside  this  is  a  coat  of  submucous  tissue, 
with  two  layers  of  plain  muscular  fibre— an  inner  longitudinal  and  an 
outer  circular.  Some  of  the  fibres  are  cross-striated.  Outside  the  muscular 
coat  is  a  close  plexus  of  small  veins  which  is  connected  with,  and  may 
be  said  to  form  part  of,  the  corpus  spongiosum. 

The  mucous  membrane  of  the  urethra  is  beset  with  small  mucous  glands, 
simple  and  compound  {glands  of  Littre).  There  are  also  a  number  of 
oblique  recesses  termed  lacunre.  Besides  these  small  glands  and  glandular 
recesses,  two  compound  racemose  glands  open  into  the  bulbous  portion  of 


Tio.  5.33. — Section  of  erectile  tissue.     (Cadiat.) 

a,  trabecuIiB  of  oonnective  tissue,  with  elastic  fibres,  and  bundles  of  plain  muacLiIa 
tissue,  some  cut  across  (c) ;  6,  blood-sinuses. 


the  urethra  in  the  male  (Gowper's  glands).  Their  acini  are  lined  by  clear 
columnar  cells  which  yield  a  mucus-like  secretion  and  appear  to  be  of 
similar  nature  to  those  of  the  glands  of  Littre  (fig.  534). 

■  The  prostate,  which  surrounds  the  commencement  of  the  urethra  in  the 
male,  is  a  muscular  and  glandular  mass,  the  glands  of  which  are  composed  of 
tubular  alveoli,  lined  by  columnar  epithelium,  with  smaller  cells  lying 
between  them  and  the  basement-membrane  (fig.  535).  Their  ducts  open 
upon  the  floor  of  the  urethra.  In  older  subjects  the  tubules  often  contain 
colloid  or  calcareous  concretions.  The  muscular  tissue  is  of  the  plain 
variety. 

The  prostate  is  pierced  by  the  two  common  ejaculatory  ducts  which 
open  one  on  each  side  of  a  median  elevation  of  the  mucous  membrane 
of  the  floor  of  the  urethra.     Between  these  orifices  is  an  aperture  leading 
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into    the    prostatic    utricle    {ulerm^    viasr^iliims).       The    blood-vessels    and 
nerves  of  the  prostate  are  numerous.     The  nerves  are  provided  with  small 


^i' 


ic.  534.~h>i*"riiiN  THKuriiii  the  ui'EMNi:  ur  the  uuct  uf  a  claiSLi  ikto 
THE  MALE  UKETHKA.     (Licliteiiherg. ) 

g,  trlaiul ;  »i,  its  mouth  :  u,  epitheliuni  of  uretlira.     The  yland  is  similar  in  stnu-turf  to 
Co\\'lit'r's  ;,^laiirls,  liut  sinii'lLT  in  cfiiifonnution.     Its  cells  are  mufus-secretin^'. 


ganglia  and  are  distributed  partly  to  the  muscular  tissue,  piartly  to  the 
glands  ;  others  which  are  sensory  pass  to  the  capsule,  and  to  the  wall  of 
the  urethra.  The  sensory  nerves  end  in  plexuses  and  in  peculiar  terminal 
corpuscles  like  simple  Pacinian  bodies. 


.•/  ^- 


i 


^F 'i'.^^-'-j'jv— ■    r.:i 


./^•\ 


5S  ■■ 


.5.. 


'"S/'.?  •'4tf^^■    ■'•««■'■    .y^-..*  <■/:■<•■*     '.■:-      .-:-..     </f 


--■    -'  -..  'X  r,':    ,  .  -        -  ■-:^- 

Fic.   riS").  — Section   of   tkostate  ok  monkey.     (Marsliall.) 

lu  aheolus  ;  /*.  a  LfimrctioM  witliiii  an  ai\  enlns  ;  c,  stroma  ;  f/,  a  l)loorI-\e.';sel. 

/ 
( 


Fig.  536. — Section  of  hum  vn  tfstis   ir>D  epididymis.     (Biihm  and  v.  Davidoflf. ) 
a,  glanflular  .sub.stance  divided  into  lobules  b>  feepta  of  connective  tis.sne ;  }),  tunica  albupinea;  c, 

head  of  epididyniia  ;  rf,  rete  testis  ,  c   middle  part  or  body  of  epididyinLy ;  /",  tnediaytiuum  f^ivin^^ 

orifi;iii  to  the  seiita  ;  f/,  sections  of  the  tonimciu  ing  va.s  deferens. 
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Fk;.   537.  Fr-.^.   538. 

Fl(i.    537.^Pl^AN    (»F    AKKANG]!;MK:NT    UF    TULUJ^KK    and    DUCT^    of    TFyTlCl.K. 

fl,  tubuli  contorLi ;  h,  tulnili  recti ;  c,  rete  testis  ;  d,  vaya  effereiiti;i ;  e, /,  </,  convoluted  tulie  of 

the  epididymis  ;  /;,  vas  deferens  ;  i,  tunica  albu^'-inea  with  trabeculn;. 

Fni.  538. ^Transverse  section  of  testicle  and  epididymis  :  wan.     (Kberth.) 

a,  tniiica  alhu^Mriea;  s.t.,  seminiferous  tubules;  s,  trabecuke  di\-idin<,^  the  g'laiid  into  lobules;  y, 
tunica  \;i^niia]is  ;  -u',  eavity  of  tunica  vaginalis  ;  ??i,  mediastinum  te-stis ;  e^  ei>ididymis;  c', 
caput  epididymis  ;  v,  \as  deferens  (cut  four  times)  ;  y.e.,  vasa  efferentia. 


\\i 


''  (( 


Fll!. 


539. — Pa.sha(;e  of  cun'vuluted  seminiferous  tubules  into  strakjht 

"'"BULES    AND    OF   THESE    INTO    THE    KETE    TESTIS.       (Mihalkowioz. 


a,  a,  seiiiinifei-ons  tulmles  ;  h,  flliroas  .stroma  craitirmwl  from  tlif  incrluistimiin  testis  ■ 
t',  I-L'te  testis.  ■     ~  ' 


THE  MALE   GENERATIVE   ORGANS  387 

THE   TESTICLE   AND   ITS   DUCTS. 

The  testicle  is  enclosed  by  a  strong  fibrous  capsule,  the  tunica  alhuginea 
(figs.  536,  537,  538).  This  is  covered  externally  with  a  layer  of  serous 
epithelium  reflected  from  the  tunica  vaginalis.  From  its  inner  surface 
there  proceed  fibrous  processes  or  trabeculce,  which  imperfectly  subdivide 
the  organ  into  lobules,  and  posteriorly  the  capsule  is  prolonged  into  the 
interior  of  the  gland  in  the  form  of  a  mass  of  fibrous  tissue,  which  is  known 
as  the  mediastinum  testis.  Attached  to  the  posterior  margin  of  the  body 
of  the  gland  is  a  mass  (epididymis)  which  when  investigated  is  found  to 
consist  of  a  single  convoluted  tube,  receiving  at  its  upper  end  the  efferent 
ducts  of  the  testicle  and  prolonged  at  its  lower  end  into  a  thick-walled 
muscular  tube,  the  vas  deferens,  which  conducts  the  secretion  to  the  urethra. 

The  glandular  substance  of  the  testicle  is  wholly  made  up  of  convoluted 
tubules  (tubuli  contorti),  which  when  unravelled  are  of  very  considerable 
length.  Each  commences  near  the  tunica  albuginea,  and  after  many 
windings  terminates,  usually  after  joining  one  or  two  others,  in  a  straight 
tubule.  The  straight  tubules  (tubuli  recti)  pass  into  the  mediastinum,  and 
there  form  by  their  union  a  network  of  intercommunicating  vessels  of 
varying  size,  which  is  known  as  the  rete  testis  (fig.  539).  From  the  rete  a 
limited  number  of  efferent  ducts  or  tubules  (vasa  efferentia)  arise,  and  after 
a  few  convolutions  pass  into  the  tube  of  the  epididymis. 

The  straight  tubules  which  lead  from  the  convoluted  seminiferous  tubes 
into  the  rete  testis  are  lined  only  by  a  single  layer  of  clear  flattened  or 
cubical  epithelium.  The  tubules  of  the  rete  also  have  a  simple  epithelial 
lining ;  both  in  these  and  in  the  straight  tubules  the  basement-membrane  is 
absent,  the  epithelium  being  supported  directly  by  the  connective  tissue  of 
the  mediastinum. 

The  efferent  tubules  which  pass  from  the  rete  to  the  epididymis  are  lined 
by  columnar  ciliated  epithelium.  In  man  their  lumen  is  irregular  in  section, 
and  the  inner  surface  pitted  with  glandular  depressions  lined  by  short  clear 
non-ciliated  cells. 

Epididymis. — This  is  composed  of  a  single  convoluted  tube  6  to  8  meters 
long  which  receives  the  vasa  efferentia  above,  and  below  is  continued  into 
the  vas  deferens.  The  tube  is  lined  by  long  columnar  cells  with  oval  nuclei, 
having  at  their  bases  smaller  polyhedral  cells  with  spherical  nuclei  (figs.  540, 
541).  The  columnar  cells  are  provided  with  bunches  of  cilia  projecting 
into  the  lumen  of  the  tube,  but  it  is  alleged  that  these  cilia  are  not  always 
vibratile.  The  cells  exhibit  canaliculi  in  their  cytoplasm,  which,  according 
to  Holmgren,  communicate  with  the  exterior  at  the  attached  border  of  the 
cell  (fig.  542). 

The  vas  deferens  (fig.  543)  is  a  thick-walled  tube,  formed  of  an  outer 
layer  of  longitudinal  bundles  of  plain  muscular  tissue,  and  an  inner 
equally  thick  layer  of  circular  bundles  of  the  same  tissue  ;  within  this  again 
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is  a  thinner  layer  of  longitudinal  muscle.     There  is  a  good  deal  of  connective 
and    clastic  tissue  Ijetween   the  muscular  bundles.     The  tube  is  lined  by  a 


Fii:.   540.  —  KiiuM  A  sEi  THIN   (IK  Tifii  Ki'uji LiV M IS  :   uiMA.v.      Maguilied  60  diameter.^. 
Photograph.      From  a  pieparatiou  by  Prof.  ]\r.  Heidenhain. 


r    f-'-  ■''.''^^ *?'''<■  ivv.  .';'•■-•'/•'>  .r  ■'■'•'  ■:"  ,  -3 


Vu:.  .i41.— ]'ART  OF  TilK  SECTION  sii.,\s  N  IN  Til  K  AKoM;  FloiKK.     .^htg.iihecl  200  dlameter.s. 
Tlie  (Lihiilfs  conULiii  siicniiaLozoa. 


mucous  membrane,  the  inner  surface  of  which  is  covered  by  columnar  non 
ciliated  epithelium. 
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The  vesiculse  seminales  are  glaiiduLir  sti'iictuicK,  (■(insisting  on  ea(,:h  side 
(.if  a  main  part,  with  sevei'al  accessory  parts,  each  part  ))eing  composed  nf  a 


Fic.   ."i4'2. — Cells  (if  EPimriYMis,   siiowinc  canalisattun  of  thk  cytoflasm. 

(E.  Hohiigren.) 
;/,  imr-lfiis.     In  two  <ells  the  caiKils  extt-ml  to  the  liascnient-iiifinlirane. 


convoluted  tubule  of  considerable  length  when  unravelled.  The  duct 
corresponding  vas  deferens.  The 
tubules  are  lined  bv  long  columnar 
epithelium.  Their  convolutions 
are  held  together  by  connective 
tissue  containing  many  blood- 
vessels and  cleftdike  lymphatics 
(fig.  544).  Between  the  bases  of 
the  epithelium-cells  is  a  row  of 
bladder-like  cells  occupied  by  clear 
fluid  and  having  a  very  char- 
acteristic appearance  in  stained 
sections.  The  columnar  cells  yield 
a  .secretion  which  is  poured  out 
from  them  in  the  form  of  droplets 
which  accumulate  to  form  a  clear 
or  opalescent  fluid  filling  the 
tubes.  This  fluid,  in  some  animals 
{«.(/.  guinea-pig),  has  the  property 
of  coagulating  when  it  is  ejected 
into  the  vagina. 


mis 


the 


a,  t']iil.li(L'liimi ;  b,  11 
niiddk',  anil  outt 
ImTidle.s  of  the 
scftioti  of  ii  hlo( 


MICROSCOPIC    STUUCTUItE    01^ 
THE    TESTII'LE. 

The  intertubular  tissue. — The 
connective     tissue     between     the 

tubules  of  the  testicle  is  generally  of  very  loose  texture,  and  contains  numerous 
lymphatic  clefts,  which  form  an  intercommunicating  system  of  commencing 
lymphatic  vessels.     Lying   in   this   intertubular   tissue  ar(-  strands  of  poly- 


390 


THE   ESSENTIALS    OE  HISTOLOGY 


Vu 


ri44. — VKSTfULA    SUMTNAT.TS    Ol' 
hr("nis  of  vci-ietioii  arc  scci 


i\.      Photngvaiili. 

Ill  Ih.'  Ir ■iiil^  i.r  son 


Magiiificd  '20(1  iliarnrterR. 

|.  of  I  In- Of  lis. 


Fk;.  54." 


. — Human  tkstii'le.     Magnified  50  diameters.     T'botogi-aiili. 
in  irf>n-ha>matoxylin  preparation  by  Prof.  M.  Pleidenliain. 

Ttio  iiiassos  of  iiitc'vsfitial  oells  are  stained  dai-k  in  this  scotion. 


hedral  epithelium-like  cells  {interstitial  cell-:,  figs.  .545,  546,  547)  of  a 
yellowish  colour  ;  they  are  more  abundant  in  some  species  of  animals  (cat, 
boar)  than  in  others.      They  accoinpan)'  the  liloodvessels  before  these  break 
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up  to  form  tlie  eai)illai'y  networks  which  coMir  tlic  walls  of  tlio  seiuiniforous 
tubules. 

The   interstitial   cells   contain    in    nian_y   animals   vellowish-hrown   lipoid 

•■.     \  %  ■"'*  ,     '^S'^  y^  f?-.  'r.  .   <:■  ■ 


P~-«-- :,.='*'-.:■•■  '^'jJ'«,/j  '^■•'~  V  '    "-         T 


Frc.  .'140. Fro:\i  a  skitiox  of  tksticf.e  of  cat.     Pliotogvaph.     Magnified  200  diameters. 

(    SfclioTi  Of  fi  (illiiilf;  /,  interstitial  r-ells.  I\iil^'  lietwfcii  thvef  tuljuli-s. 


^^>s#4^i 


^.&?- 


m^y^  K-i.  'S 


Fi(i.  .547. — iSrctton  of  testicu::  of  a  boy  of  ninf  veaks  old.     Highly 

magnified.     (Spangarn. ) 

a,  enl.irired  cells  (BnemiatOjToiiia),  some  of  t.hi'iu  dividiiif;- ;  several  roiitaiii  crystals  (Ltiliar's  crystals) ; 

b,  cells  lining  the  tubule  ;  e.  cfKi^rnlatwl  .■r.ntciits  of  tul.iilc  ;  i/,  interstitial  tissue;  e,  mast-cells. 
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or  fatty  gli)bulos  (staining  with  osmic  acid),  and  soinotimes  needle-shaped 
crystals  (protein).  Similar  fatty  globules  may  occur  in  the  Sertoli  cells 
of  the  seminiferous  tubules ;  they  are  believed  to  pass  into  those  cells 
from  the  interstitial  tissue. 

The  seminiferous  tubules. — The  seminiferous  tubules  are  formed  of  a 
connective-tissue  membrane,  which  has  a  lamellai-  structure.  The  lamelhe 
are  ciivered  by  flattened  cells  ;  fibres,   chiefly  elastic,   occupy  the  substance 
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Fill.  SIS. — .Section  from  the  testiit^e  (if  .v  m.\n  42  years  old.     Afagnified 
about  3.50  diameters.      (Spangaro. ) 

d,  interstitial  cells ;  />,  some  containinf^  pigment ;  c,  nuclei  of  ordinary  connectixe-tis-sue  cells ;  i}, 
niast-cell.  In  the  section  of  the  tubule  may  be  seen  in  succession  from  without  in,  sperniato- 
t,'onia,  spermatocytes,  spermatids,  and  spermatozoa.  A  few  spermatids  and  spermatozoa  are 
(ietaclied  an<l  occup,\"  the  middle  of  the  tuliule. 

of  each  lamella.  Tn  the  adult  the  tubules  contain  several  layers  of  epithelium- 
cells,  but  in  the  cliild  there  is  no  clear  distinction  into  layers,  the  cells  being 
all  more  or  less  similar  (fig.  .547).  Of  the  layers  seen  in  the  tubules  of  the 
adult  testicle,  the  one  next  to  the  basement-membrane  is  a  stratum  of  clear 
cubical  cells  (spermatiMjonin  or  spprmaUitjonf:,  fig.  54(S),  the  nuclei  of  which 
for  the  most  part  exhibit  the  irregular  network  which  is  characteristic  of 
the  resting  condition,  but  in  some  tubules  show  indications  of  division. 
Here  and  there  between  the  spermatogonia  some  of  the  lining  epithelium- 
cells   are   enlarged,    and   project   between    the    more    internal    layers,    being 
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oonnected  with  groups  of  developing  spermatozoa.     These  enlarged  cells  are 
the  cells  of  Sertoli  (fig.  552,  a',  a"  ;  fig.  555). 

Next  to  this  lining  epithelium  is  a  zone  of  larger  cells  {spermatocytes, 
fig.  552,  h),  the  nuclei  of  which  are  usually  in  some  stage  of  hetero-  or 
homo-typical  mitotic  division  (see  p.  16);  these  cells  may  be  two  or  three 
deep  (as  in  fig.  548,  and  in  a,  fig.  549).  Next  to  them,  and  most  internal, 
are  to  be  seen  in  some  tubules  (fig.  548,  and  fig.  549,  h  and  c)  a  large 
number  of  small  protoplasmic  cells  with  simple  spherical  nuclei  (s^iermatids, 
fig.  552,  c).  In  other  tubules  the  spermatids  are  elongated,  and  the 
nucleus   is   at    one    end,    and    in    others    again    these    elongated    cells    are 


a- 


Fif4.  549. 


Fig.  550. 


Fio.  549. — Section  of  parts  or  thrise  seminiferous  tpbulbs  of  the  rat, 
AS  seek  itnder  a  low  power. 

a,  with  the  spermatozoa  least  advanced  in  development ;  b,  more  advanced ;  c,  containing  fully 
developed  spermatozoa.  Between  the  tuhules  are  seen  strands  of  interstitial  cells  with  blood- 
vessels and  lymph-spaces. 

Fig.  530. — Hitman  spermatozoa.     Magnified  1000  diameters.     (G.  Retzius.) 

1,  in  profile  ;  2,  \'iev\'efl  on  the  fiat ;  b,  head  ;  e,  middle-piece  ;  d,  tail ;  e,  end-piece  of  the 
tail,  which  is  described  as  a  distinct  part  hy  Retzius. 

completely  converted  into  spermatozoa,  which  lie  in  groups  :  their  heads 
projecting  between  the  deeper  cells  and  connected  with  one  of  the  Sertoli 
cells  of  the  lining  epithelium,  and  their  tails  emerging  into  the  lumen  of  the 
tubule  (fig.  549,  b).  As  these  spermatozoa  become  matured  they  gradually 
shift  altogether  towards  the  lumen,  where  they  eventually  become  free  (c) 
from  the  Sertoli  cells.  During  the  time  that  one  set  of  spermatozoa  has 
been  forming,  another  set  of  spermatocytes  is  produced  by  the  division  of  the 
Spermatogonia,  and  after  the  discharge  of  the  first  set  of  spermatozoa  the 
process  of  division  of  spermatocytes  to  form  spermatids  and  development  of 
.spermatozoa  from  these  is  repeated  as  before  (see  diagram,  fig.  552). 

The  spermatids  were  termed  young  spermatozoa  by  H.  H.  Biowii,  from  whose 
investigation  of  the  subject  the  above  account  is  mainly  derived. 
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The  spermatozoa. — Each  spermatozoon  (sperm)  consists  of  three  parts, 
a  head,  a  middle  part  or  body,  and  a  long  tapering  tail  (fig.  550).  In  man 
the  head  is  of  a  pointed  oval  shape,  somewhat  flattened  especially  towards 
its  apex ;  in  some  animals  it  bears  a  small  barb-like  projection  at  this 
extremity.  The  apical  part  is  covered  by  a  cap  of  a  somewhat  different 
appearance  from  the  rest — the  head-cap.  The  middle-piece  is  in  man  short 
and  cylindrical,  and  has  a  spiral  fibre  passing  round  it.  An  axial  fibre, 
itself  fibrillated,  passes  from  a  knob  close  to  the  head  right  through  the 
body  and  tail.  The  tail  is  the  longest  part  of  the  spermatozoon,  and  when 
examined  with  the  microscope  in  the  fresh  condition  is  seen  to  be  in  continual 
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Flli.    551. — DiPFKEENT   FORMS    OF   SPKRMATOZOA. 

(From  Verworn.) 

a,  of  bat ;  6,  c,  of  frogf ;  (/,  of  finch  ;  e,  of  ram ;  /,  (j,  of  lioar  ; 
h,  of  jelly-fish ;  /,  of  monkey  ;  Z,  of  crab  ;  /f,  of  ronnd- 
worm. 


vibratile  motion,  the  action  resembling  that  of  a  cilium.  The 
extremity  of  the  tail  (end-piece)  forms  a  distinct  part  of  the 
spermatozoon,  and  in  some  animals  may  split  into  two  or  three 
fibrils ;  these  can  also  sometimes  be  traced  along  the  whole  length  of  the 
tail.  Human  spermatozoa  are  about  0-05  mm.  {-^\^  inch)  long,  the  head  and 
middle-piece  each  measuring  about  yV^^  "^  ^'^i^  amount. 

In  different  animals  the  shape  of  the  head  and  the  extent  of  middle- 
piece  and  tail  vary  greatly  (fig.  551).  In  the  rat  (fig.  554,  7)  the  head  is 
long,  and  is  recurved  anteriorly;  it  is  set  obliquely  on  the  middle-piece. 
This  is  also  of  considerable  extent,  and  has  a  closely  wound  spiral 
filament  encircling  it  (H.  H.  Brown).  In  the  newt  the  head  is  long  and 
tapering,  and  the  tail  has  a  membranous  expansion,  attached  in  a  spiral 
manner  along  its  whole  length.  Such  an  expansion  has  also  been  described 
in  the  human  spermatozoon,  but  its  existence  here  is  doubtful.  In  decapods, 
which  possess  no  cilia,  the  spermatozoa  are  stellate  and  motionless  (fig.  551, 
I) ;  in  nematoid  worms  they  are  amoeboid  (fig.  551,  k).  Sometimes  two 
distinct  kinds  of  spermatozoa  are  met  with  in  the  same  species  of  animal, 
one  kind  being  far  the  larger  in  size  (giant  spermatozoa)  but  much  less 
numerous.     Such  giant  spermatozoa  have  been  observed  in  man. 
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Although  the  tail  of  the  spermatozoon  is  usually  considered  to  be  a 
cilium,  it  exhibits,  as  we  have  seen,  greater  complexity  of  structure  and  is 
much  more  differentiated  than  ordinary  cilia.  Spermatozoa  also  differ  from 
cilia  in  being  highly  resistant  to  putrefaction  and  to  chemical  reagents, 
including  even  strong  acids  and  alkalies. 

Spermatogenesis'. — The  spermatozoa  are  developed  from  the  small  cells  (sper- 
matids) which  form  the  innermost  stratum  of  the  seminal  epithelium,  and  these  are 
themselves  produced  by  the  division  of  the  large  spermatocytes  of  the  second  layer. 


Fig.  552.- 


-DlAGBAM   EXHIBITINCi  THE  CYCLE   OF  PHASES  OF  SPERMATOGENESIS 
IN  THE  BAT. 


a,  lining  epithelium-cells  or  spermatogonia,  seen  dividing  in  6 ;  a',  a",  Sertoli  cells  ;  &,  spermato- 
cytes, with  skein-like  nuclear  maments.  These  cells  are  seen  actively  dividing  in  5.  c, 
spermatids,  forming  an  irregular  column  or  clump  in  6,  7,  8,  and  1,  and  connected  to  an 
enlarged  .Sertoli  cell,  a',  of  the  lining  epithelium  in  2,  3,  4,  and  5.  In  6,  7,  and  8  advanced 
spermatozoa  of  one  crop  are  seen  between  columns  of  spermatids  of  the  next  crop.  «', 
parts  of  the  spermatids  which  disappear  when  the  spermatozoa  are  fully  formed ;  8,  seminal 
granules. 

It  is  probable  that  fresh  spermatocytes  are  formed  by  division  of  some  of  the  lining 
epithelium-cells  or  spermatogons.  The  cycle  of  changes  therefore  which  takes  place 
is  as  follows :  1.  Division  of  a  lining  epithelium-cell  or  spermatogon  into  two,  one  of 
which  grows  larger  ("growing  cells"  of  H.  H.  Brown),  becomes  a  spermatocyte,  and 
passes  into  the  second  layer,  while  the  other  remains  in  the  first  layer.  2.  Division  of 
the  spermatocyte.  3.  Further  division  of  the  daughter-spermatocytes  thus  produced. 
The  four  cells  (spermatids)  which  result  from  this  double  division  possess  only  one- 
half  the  somatic  number  of  chromosomes  in  their  nuclei,  "  reduction  "  having  been 
effected  in  the  final  cell -divisions  by  which  the  spermatids  are  produced  (p.  16). 
4.  Elongation  of  the  spermatids  and  their  gradual  conversion  into  spermatozoa. 
As  they  undergo  this  conversion  theii'  grouping  becomes  more  evident,  and  each 
group  is  found  to  be  connected  with  a  cell  of  Sertoli  (fig.  5.52,  a!  ;  fig.  555) ;  this 
probably  ministers  to  their  nutrition.    The  Sertoli  cell  undergoes  a  gradual  process 


396 


THE   ESSENTIALS    OF  lilSTULUGV 


of  elongation,  so  that  the  spermatozoa  by  the  time  they  are  fully  developed  are 
brought  to  the  lumen  of  the  tube,  in  which  they  then  become  free.     In  the  mean- 


.Fi(t.  553.— Changes  in  the  spermatids  in  the  course  of  formation  of 
THE  spermatozoa.     (Niessing.) 

The  tail-filam6nt  isseen  (in  a  and  e)  to  extend  from  the  centrosome,  which  lies  close  to  the  nucleus. 
The  head-cap  (shown  in  e)  in  produced  by  a  transformation  of  a  special  part  of  the  archoplasm 
,  which  becomes  vacuolated  (6,  c,  (?). 


Fig.  554.— Spermatozoa  from  the  bat  in  different  stages  of 
DEVELOPMENT.     (H.  H.  Brown.) 

1-6,  developing:  spermatozoa  from  the  testicle  ;  7,  a  mature  spermatozoon  from  the  vas  deferens. 
The  remains  of  the  protoplasm  of  the  cell,  which  is  seen  in  6  still  adhering  to  the  middle- 
piece  of  the  spermatozoon  and  containing  a  number  of  chromatin  granules,  appears  to  be 
thrown  off  as  the  spermatozoon  matures. 

time  other  alternate  groups  of  spermatids  from  which  the  next  crop  of  spermatozoa 
will  be  derived  are  being  formed  in  the  same  manner,  passing  through  the  same 
cycle  of  changes.  So  that  different  phases  of  development  may  be  observed  even- 
in  the  same  tubule,  and  in  different  tubules  of  the  same  testicle  every  phase  may 
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be  traced.     The  accompanying  diagram  (fig.  562),  whicli  is  constructed  from  H.  H. 
Brown's  drawings,  illustrates  the  cycle  of  changes  above  described  ;  it  is  divided 
into  eight  parts,  each  of  which  shows  the  condition 
of  the  epithelium  of  a   seminiferous  tubule  at  a 
particulai'  stage. 

Each  spermatid  becomes  conveited  into  ii 
spermatozoon  in  the  following  manner  (figs. 
553,  554).  The  nucleus  forms  the  chief  pai't 
of  the  head,  while  the  tail  develops  as  an  out- 
growth of  the  centrosome  and  cytoplasm.  The' 
tail-filament  appeal's  within  the  pi'otoplasm,  grow- 
ing out  fiom  the  centviole  of  the  cell,  which  lies 
close  to  the  nucleus  (fig.  553).  The  eentriole  is 
double  ;  one  of  its  two  particles  forms  an  annular 
expansion  or  ling,  which,  as  development  pro- 
ceeds, moves  down  the  tail-filament  until  it  reaches 
the  place  whei'e  this  leaves  the  cytoplasm  :  hei'e 
it  ultimately  forms  the  limit  of  the  body  oi'  middle- 
piece  of  the  spermatozoon.  The  archoplasm  (see 
p.  9)  assists  in  forming  the  head  of  the  sper- 
matozoon ;  a  poi'tion  (the  idioxome  of  Meves)  at 
an  early  stage  sepai'ates  from  the  rest,  lying 
apically  to  the  nucleus.  Within  this  poition 
vacuoles  form  (fig.  553,  6,  c,  d)  which  presently 
run  together  into  a  cleai'  non-stainable  globule 
which  flattens  out  ovei'  the  nucleus  and  forms 
(fig.  553,  e)  the  head-cap  of  the  spermatozoon  ; 
as  development  proceeds  this  may  become  indis- 
tinguishable from  the  rest  of  the  head.  The 
spiral  fibre  of  the  middle-piece  is  developed  from 
mitochondria  in  the  spermatid  (see  fig.  7,  p.  5). 
A  portion  of  the  protoplasm  of  each  spermatid  con- 
taining a  number  of  chromatin-particles  (seminal 
granules)  becomes  detached  and  disintegrated 
before  the  spermatozoon  is  fully  matured  (fig. 
552,  s,  s'). 

A  few  spermatocytes  undergo  incomplete 
division  ;  the  resulting  spermatids  are  large  (giant 
spermatids)  and  contain  either  one  large  nucleus 
or  two  or  more  nuclei  which  ultimately  blend 
to  form  the  head  of  the  spermatozoon.  In  these  cases  a  corresponding  number 
of  centrosomes  is  seen ;  from  each  of  these  centrosomes  a  tail-filament  may  become 
developed. 


Fjg.  55.5. — A  CEiJj  OF  iSkktoJjI 

WITH  WHICH  THE  SPERMA- 
TIDS (thkee  of  which  are 
shown)  are   eeoinning  to 

BE        connected  :         HUMAN. 

(Bramman.) 

The  cell  coiitaina  globules  stain- 
ing with  osmic  acid ;  similar 
.but  smaller  globules  are  also 
seen  in  the  spermatids.  The 
"ring"  formed  around  the  tail- 
filament  hy  one  of  the  particles 
of  the  centrosome  (see  text)  is 
shown  in  each  of  these  spermatids 
close  to  the  "  head." 
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LESSON   XXXVIII. 
GENERATIVE  ORGANS   IN  THE  FEMALE. 

1.  Sections  of  ovary  of  (a)  non-pregnant  and  (6)  pregnant  rabbit  or  cat.  If  from 
a  pregnant  animal  the  organ  will  be  largely  occupied  by  corpora  lutea.  Study  the 
sections  with  a  low  power,  observing  the  small  and  large  Graafian  follicles,  each 
enclosing  an  ovum,  scattered  through  the  stroma  ;  also  the  corpora  lutea.  Measure 
Graafian  follicles  of  different  sizes.  Make  a  general  sketch  of  a  section  under  the 
low  power.  Then  sketch  carefully  one  or  two  of  the  follicles  with  their  contents 
under  a  high  power. 

2.  Take  the  fresh  ovary  of  a  sheep  and  with  a  needle  or  fine  scalpel-point  prick 
one  of  the  largest  and  most  pi'ominent  of  the  (iraaflan  follicles,  llie  organ  must 
be  held  just  over  a  slide  so  that  on  pricking  the  follicle  the  fluid  contents  may 
spurt  out  on  to  the  glass.  Examine  the  drop  of  liqvior  folliculi  with  a  low  powei' 
for  the  escaped  ovum,  which  will  be  suriounded  by  follicular  cells.  When  found 
jjlace  a  piece  of  a  thick  hair  in  the  drop,  cover  with  cover-glass  and  examine  with 
high  power. 

3.  Section  across  Fallopian  tube.     Sketch  a  section  under  the  low  power. 

4.  Section  across  the  body  of  the  uterus  of  a  child,  or  across  a  cornu  of  a  bicol-ned 
uterus  of  a  cat  or  rabbit.  Observe  the  thickness  of  the  muscular  and  mucous  coats 
respectively.  Notice  the  (ciliated)  columnar  epithelium  lining  the  organ  and 
extending  into  the  glands  of  the  mucous  membrane.  Draw  a  part  of  a  section 
under  the  low  power. 

5.  Section  of  placenta.  Notice  the  venous  spaces  occupied  by  maternal  blood, 
and  within  the  spaces  sections  of  the  foetal  villi. 

6.  Section  of  vagina.  Notice  the  stratified  epithelium  which  lines  it  and  which 
is  continued  over  the  projecting  part  of  the  os  uteri.  If  the  section  is  taken 
through  the  anterior  wall,  the  urethra  will  be  included  in  it. 


THE   OVAKY. 

The  ovary  is  a  small  solid  organ,  mainly  composed  of  a  stroma  of  fibrous 
tissue,  with  many  spindle-shaped  cells,  particularly  abundant  in  Ihe  human 
ovary  (fig.  559).  It  also  contains,  near  its  attachment  to  the  broad  ligament, 
a  number  of  plain  muscular  fibres,  and  receives  here  numerous  and  large 
blood-vessels.  It  is  covered  by  a  layer  of  small  columnar  epithelium-cells 
{germinal  epithelium),  between  which  may  here  and  there  be  seen  a  few 
larger  spheroidal  cells,  with  large  round  nuclei.  In  the  young  subject  the 
epithelium  occasionally  dips  down  into  the  subjacent  stroma  (fig.  562). 

Scattered  throughout  the  stroma  are  vesicles  of  different  sizes,  the  smallest 
being  near  the  surface  of  the  organ,  the  larger  ones  placed  more  deeply  in  the 
stroma,  although,  as  they  increase  in  size,  they  extend  towards  the  surface 
(fig.  556). 
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Each  Graafian  follicle  has  a 


These  vesicles  are  the  Graafian  follicles. 
proper  wall  {theca  folliouli) 
formed  of  a  layer  derived 
from  the  stroma,  with  a 
special  inner  layer  contain- 
ing large  cells  :  both  strata 
are  highly  vascular.  Each 
follicle  contains  an  ovutn 
and  epithelium.  In  the 
smallest  follicles  the  ovum 
is  small,  and  the  epithelium 
of  the  follicle  is  formed  of 
a  single  layer  of  cells  which 
may  be  flattened  against 
the  ovum  (figs.  5-59,  562). 
In  somewhat  larger  follicles 
the  epithelium-cells  are  in 
two  layers,  and  are  columnar 
in  shape  (fig.  561,  E).  In 
still  larger  ones,  each  of  the 
two  layers  is  formed  of 
several  strata  of  cells,  and  fluid  has  begun  to  collect  between  the  layers  at 


Fiti. 


556.  ^Section  of  the  ovary  of  the  cat. 
Magnified  9  diameters.     (Sohron. ) 

ly  outer  coverinjr  and  free  border  of  the  OA-ary ;  1', 
attached  border  ;  J^  the  central  ovarian  stroma  showiiifj 
a  fibrous  and  vascular  structure  ;  3,  peripheral  stroma  ; 
A,  blood-vessels ;  5,  Graafian  follicles  in  their  earliest 
stages  lyingf  near  the  surface ;  6,  7,  8,  more  advanced 
follicles  which  are  embedded  more  deeply  in  the  stroma  ; 
9,  an  almost  mature  follicle  containing  the  ovum  in  its 
deepest  part ;  9',  a  follicle  from  which  the  ovum  has 
fallen  out  in  preparing  the  section  ;  10,  corpus  luteuin. 


Fig.  557. — Section  op  ovary  of  rabbit.     Photograph.     Magnified  60  diameters. 

One  large  Graafian  follicle  and  a  number  of  smaller  follicles  are  seen,  the  smallest  forming  a  layer 
near  the  surface.  Notice  the  tunica  albuginea  covering  the  surface ;  itself  covered  by 
columnar  epithelium. 
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one  part.      Of  the  twcj  la3'er.s,  the  one  which  lines  the  cavity  of  tlie  foUiclc 
is  termed   the   mi'mbrana    (/ranu/uad,   while   the   mass   of    cells   which    more 
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Fic.  o58.  — OxAKiAN  ovu^r  of  KAiir.iT.     I'h(jt(]grap)i.     MagniKed  400  diameters. 

The  oviuu  is  pTirluKrcl  williiiia  i-lciir  I  hii-k  iiiL>iiiliniiii.-(zoiia  iii-lliii'iilu)OTitsi(lc- of  which,  and  adheriiif; 
to  it,  are  e|iitheliuiii-eells  "f  the  Oraalia]!  lulhrle.  The  i.iotn|.]aMii  of  the  ovum  shows 
numerous  tine  j;rainiles  and  a  certain  numlier  of  lar^'e  e.k'ar  yolls  f,doliu]es.  The  nueleus  or 
^a-rminal  \esiele  lies  Tiear  tile  peripiier,\'  ;  it  euntains  se\enil  j^doljules  of  chromatin,  the  largest 
of  Avliicli  is  ttie  nueleolus  or  Lrci-minal  siiot. 
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Vic      5^)'.l SkiTIDN     "F     FAJIT    hF    IIF^FW    OVAKY    SIKIWINA;    SllAlJ,    (4KAAFIAiN 

FIlJAKJjFS    i'J.MKFjFJDEIl     IN    A    FII;KO-(  ■Fl.FF  FAR    STKOMA.        (Sellheilll.  ) 


immediately  surrounds  the  ovum  is  known   as  the  cniinthis  or  discus  pro- 
/if/erus  (fig.  557). 

In  the  largest  follicles  the  fluid  has  much  increased  in  amount,  so  that 
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the  follicle  has  become  gradually  larger  and  more  tense.  Finally  it  reaches 
and  projects  from  the  surface  of  the  ovary ;  here  it  eventually  bursts,  and 
the  liquor  foUiculi,  with  its  contained  ovum,  is  set  free.  This  event  is 
believed  to  occur  usually  at  sothe  time  during  menstruation. 

Some  of  the  Graafian  follicles  do  not  burst,  but,  after  attaining  a  certain 
stage  of  maturity,  undergo  a  process  of  retrograde  metamorphosis  and 
eventually  disappear. 

The  ovarian  ova  or  oocytes  are  large  spherical  cells,  about  0'2  mm. 
(jIj  inch)  in  diameter.  When  fully  formed  (fig.  5-58),  as  in  the  largest 
Graafian  follicles,  each  ovum  is 
surrounded  by  a  thick  trans- 
parent membrane  {zona  pellu- 
cida).  Within  this  is  the 
protoplasm  of  the  oocyte 
{vitellus),  filled  with  fatty  and 
albuminous  granules  (yolk 
granules).  Lying  in  the  vitellus, 
generally  eccentrically,  is  the 
large  clear  round  nucleus  {ger- 
minal vesicle),  which  invariably 
has  a  well-marked  nucleolus 
(germinal  spot),  sometimes  more 
than  one. 

Oogenesis. — Both  the  ova 
and  the  epithelium  of  the 
Graafian  follicles  originate  from 
the  germinal  epithelium  of  the 
embryo.  This  forms  at  first  a 
simple  layer  covering  the  stroma, 
,but  later  becomes  thickened  and 
multiple.  After  a  time  rounded 
cords  of  epithelium-cells  {egg- 
tuhes   of   Pfltiger,    fig,    560 ;   fig. 

561,  A)  grow  down  into  the  stroma,  whilst  this  at  the  same  time  grows 
into  the  thickened  epithelium.  The  cords  presently  become  broken  up 
by  ingrowths  of  stroma  into  isolated  nests  of  epithelium  cells  (fig.  561,  B), 
each  of  which  may  be  taken  to  represent  a  Graafian  follicle.  Some  of 
the  cells  become  enlarged  to  foi'm  primitive  ova ;  usually  there  is  one  such 
enlarged  cell  in  each  nest.  The  remaining  cells  form  the  epithelium  of  the 
follicle  (fig.  561,  C).  It  would  appear  that  the  protoplasm  of  the  ovum 
remains  connected  with  the  cells  of  the  discus  proligerus  by  fine  processes 
which  pass  through  pores  in  the  zona  pellucida,  while  on  the  other  hand  the 
epitheUum-cells  of  the  follicle  are  themselves  interconnected  by  protoplasmic 
bridges,  so  that  the  whole  forms  a  kind  of  syncytium. 
26 


Fig.  560.— Ovaky  of  28-day  eabmt,  showing 
thickened  germinal  epithelium  growing 
INTO  STROMA.     (Felix  and  Biihler. ) 

a,  .(ferminal  epithelium ;  b,  a,  thickened  downgrowth  from 
this  epithelium ;  c,  stroma  of  ovary. 
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The  stroma  of  the  ovary  contains,  besides  the  spindle-shaped  connective- 
tissue   cells   and   plain   muscular   fibres   already   mentioned,   a   number   of 


Fig.  561. 


-Figures  showing  various  stages  in  the  development  or  the 
Graafian  follicles  of  the  rabbit. 


At  from  ovary  of  young  rabbit,  showing  "egg- tubes"  of  Pfluger  growing  in  from  germinal 
epithelium ;  some  of  the  tubes  contain  primitive  ova ;  B,  primitive  Graanan  follicles  formed 
from  the  breaking  up  of  an  egg-tube ;  C,  a  young  Graafian  follicle,  with  a  single  layer  of 
follicle-epithelium;  V,  a  somewhat  older  follicle,  with  the  second  layer  forming  within  the  first ; 
E,  a  more  advanced  follicle,  showing  two  complete  layers  of  columnar  epithelium  surrounding 
the  ovum  within  the  follicle. 


epithelium -like  interstitial  cells.  Some  of  these  are  stated  to  have  been 
derived  from  the  germinal  epithelium  (Lane-Claypon) ;  others  have  originated 
from  cells  of  old  corpora  lutea. 
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Vessels  and  nerves.— The  blood-vessels  of  the  ovary  are  very  large  and 
numerous.  The  smaller  vessels  are  abundantly  distributed  in  the  walls  of  the 
Graafian  follicles,  over  which  they  form  a  close  network.  The  ovary  also  receives 
many  nerve-fibres,  but  their  ultimate  destination  is  not  known. 

Corpora  lutea.— These  are  yellowish  nodules,  which  are  developed  out 
of  the  Graafian  follicles  after  the  ova  have  been  extruded.  They  consist  of 
columns  of  large  cells  containing  lipoid  globules  il,uteal  Gells),  with  intervening 
trabeculse  of  vascular  fibrous  tissue.  In  most  animals  the  trabecule  con- 
verge to  a  central  strand  of  connective  tissue  occupying  the  axis  of  the 
nodule  (fig.  565).  The  columns  of  cells  are  not  unlike  those  of  the  cortex 
of  the  suprarenal  capsule.     In  the  human  subject  the  cells  of  the  corpus 


Fig.  562. — Section  of  ovaky  of  human  fostus,  showing  numerous 
PRIMITIVE  Graafian  follicles  embedded  in  the  stroma. 
Photograph.     Magnified  200  diameters. 

Each  primitive  Graafian  follicle  consists  of  a  primitive  ovum  surrounded  by  a  sing:le 
layer  of  flattened  follicular  epithelium-cells. 

luteum  are  massed  into  plaits  or  folds,  arranged  perpendicularly  to  the  wall 
of  the  follicle,  with  vascular  connective  tissue  in  the  interspaces.  Numerous 
capillary  blood-vessels,  of  a  sinus-like  character,  ramify  amongst  the  luteal 
cells ;  the  latter  probably  yield  an  internal  secretion  to  the  blood. 

The  corpus  luteum  is  derived  from  the  wall  or  theca  of  the  follicle,  which 
becomes  thickened  and  folded  by  multiplication  and  hypertrophy  of  its  cells. 
These  grow  into  the  empty  follicle  in  the  form  of  intercommunicating 
trabeculse,  between  which  connective  tissue  and  blood-vessels  pass  in  from  the 
vascular  wall  of  the  follicle  converging  along  with  the  trabeculse  towards 
the  centre  of  the  follicle,  where  the  remains  of  a  blood-clot  long  continue 
to  be  visible.  Ultimately,  however,  the  centre  becomes  occupied  by  a  kind 
of  scar  tissue,  which  may  be  continued  to  the  surface  of  the  ovary  at  the 
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point  where  the  rupture  of  the  follicle  originally  occurred.  Sometimes 
there  is  no  clot  in  the  follicle,  its  cavity  being  at  first  occupied  by  lymph,  and 
the  luteal  cells  grow  into  this.     After  persisting  foi'  a  time  the  corpus  luteum 


i/-*®^'*-^^ 


Frr;.  563. — SufiTTON  of  a  Oraaft.vn  foi.ijct.k  of  the  kaebit  whictt  has 
RF,f'KNTT,Y  RnPTT'RKi).     Photograph.     Magnified  50  dianicter.s. 

Tlu-  OMiin  .aiirl  fullii-iihn'  <-]iil.licliinn  Ii;i\l-  Ijeconie  eiitireU  extnulett  and  tlic-  follicle  is  npfupicd 

In'  n  l.liuiil-clnl,  ■ 


Fro.  564.— Part  of  the  above  sicction.    Photograph.     Magnified  200  diameters. 
Tlie  (Ij^iire  shows  the  fihroiis  wall  (theca)  of  tlie  follicle  eoiitainiii<f  eiilaryt'd  ceHs  in  its  thickness 


.  .  1  tm     yui  It'   -.V)    'JV      III  11.     iiJII  ll.:n;     UUM  l.iLII  I  iri^    I'llUI 

Tiie  comiilcte  (h.'^aiJiit-avaiicc  of  tlie  foiliciiiar  ciiithehuni  is  obvious,     The  ca\  itv  of  Uie  fotl[cK' 
•aii'iiliiTii  of  lilooil,  tlic  iH'twofk  of  fihrin-tilanienty  l)cin^  \\-el|  (lispla\eil. 
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Fiii.    565. — CoKi'i's    i.r- 

TEUM  OF  KABBIT  fllKMKIi 
OF  TKABE(.UL.H  OF  IjAROE 
LUTEAL  CELLS  WllU'il 
HAVE  OEVEJjOPEii  FKOBI 
THE  CELLS  OF  THE  THECA. 

Photograph.  Magnitietl 
60  diameter.s. 

The  reniaiiHlfcr  of  tlie  oi-it,nii.i] 
blood-clot  (^Oiy  ^till  seen  ne.ar 
the  middle  of  the  eorpiis  lu- 
teuni.  Just  below  this  is  .a 
kind  of  eie.atrici.ii  Hliroiis 
tissue  formed  b\  ol■J,^1IlisatiOII 
of  part  of  the  clot. 
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gradually  disappears,  its  cells  becoming  merged  into  those  of  the  surround- 
ing stroma.  Corpora  lutea  grow  much  larger  and  remain  much  longer 
persistent  in  the  event  of  pregnancy  supervening. 

THE    FALLOPIAN    TUBES    AND    UTERUS. 

The  Fallopian  tubes  or  oviducts  are  lined  by  a  very  vascular  mucous 
membrane  which  is  covered  with  ciliated  epithelium,  and  has  numerous 
longitudinal  folds  or  rugie  with  depressions  between  (fig.  567).  Externally 
the  tube  is  covered  by  a  serous  coat,  within  which  is  a  thin  longitudinal 
stratum  of  plain  muscular  fibres  overlying  circular  fibres  of  the  same  tissue  ; 
these  layers  are  not  distinctly  marked  off  from  one  another. 

The  Fallopian  tubes  commence  near  the  ovary  with  an  open  end,  the 
margins  of  which  are  spread  out  into  a  number  of  processes  termed  fiinhrirc 


One  or  two  of  these  firabriic  are  directly  attached  to  the  surface  of  the  ovary 
in  the  manner  shown  in  fig.  568.  Each  Fallopian  tube  terminates  distally 
in  the  uterus  ;  opening,  in  the  human  subject,  at  the  upper  angles  of  the 
body  of  the  uterus.  In  animals  which  possess  a  bicorned  uterus,  the 
Fallopian  tube  is  directly  continued  into  the  corresponding  cornu. 

The  human  uterus  is  composed  of  two  parts,  the  body  and  cervix.  The 
body  is  formed  of  the  following  layers  (fig.  569) : — 

1.  A  .se/v)//,s  layer,  derived  frmn  the  peritoneum,  which  covers  the  greater 
part  of  the  fundus. 

2.  A  n/iiscular  layer,  wliich  is  of  great  thickness  and  is  formed  of  plain 
muscular  fibres  disposed  in  three,  more  or  less  blended,  strata.  Of  these  the 
outer  is  thin  and  has  its  fibres  arranged  partly  longitudinally,  partlj^  circularly. 
The  middle,  on  the  other  hand,  is  thick;  its  fibres  run  in  different  directions. 
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and  it  contains  the  ramifications  of  the  larger  blood-vessels.  The  inner 
layer,  again,  is  thinner  and  has  both  longitudinal  and  circular  fibres,  many 
of  the  latter  being  prolonged  internally  into  the  deeper  part  of  the  mucous 


Fig.  568. — Section  of  ovaey  of  gdinea-pig  at  the  place  of  attachment  of  the 
FIMBRIATED  END  OF  THE  FALLOPIAN  TUBE.  Photograph.  Magnified  200 
diameters. 

Notice  the  cilia.ted  epithelium  covering  the  fimbrisB,  continued  into  the  much  smaller  non-ciliated 
cells  of  the  ovarian  surface.    Observe  also  the  numerous  and  large  blood-vessels  of  the  fimbriie. 


\u 


Fig.  569. — Section  of  hitman  uterus.     (Sobotta.)    Twice  the  natural  size. 

s,  serous  layer ;  Im,  longitudinal  mvisoular  fibres ;  m,  circular  muscle  ;  mm,  mucous  membrane ; 
(,  cavity  of  uterus ;  U,  broad  ligamentum  latum ;  U,  blood-vessels. 
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membi-ane ;    the   extremities   of   the   uterine   glands   extend   between    and 
amongst  the  muscle-fibres. 

3.  A  mucous  membrane  (fig.  569,  mm),  composed  of  soft  connective  tissue 
containing  a  large  number  of  spindle-shaped  cells.  .  It  is  lined  by  ciliated 
epithelium  and  contains  long,  simple,  tubular  glands,  which  take  a  curved  or 
convoluted  course  in  passing  through  the  membrane  (fig.  570,  gl,  and  fig.  571). 
Their  epithelium  is  continuous  with  that  which  covers  the  inner  surface  of 
the  mucous  membrane  and   is    also    ciliated  for   some   distance   within  the 
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I'jG.  570. — Suction  of  thk  uterine  mucous  membkane.     (Subotta. )     JLigiiitied 

150  diameters. 

ep,  epithelium  of  cavity  ;  (jly  glands  ;  m,  iiiusuularis. 

glands.  In  the  cervix  the  mucous  membrane  is  marked  by  longitudinal  and 
oblique  ridges ;  the  glands  are  shorter  but  more  complex  than  those  of  the 
body  of  the  uterus,  and  are  lined  .by  columnar  mucus-secreting  cells.  Near 
the  OS  uteri  the  epithelium  becomes  non-ciliated  columnar  ;  at  the  margin 
of  the  OS  uteri  this  passes  into  a  stratified  epithelium  which  overlies  vascular 
papillse  of  the  corium.  The  mucous  membrane  is  very  vascular ;  it  also  con- 
tains a  large  number  of  lymph-vessels. 

In  those  animals  the  uterus  of  which  is  composed  of  two  cornua,  the 
arrangement  of  the  muscular  tissue  is  simpler  than  in  the  human  uterus 
(which  was  originally  double  in  the  embryo  and  has  been  formed  by  the 
fusion  of  two  such  tubes).  Fig.  571  exhibits  the  structure  of  a  cornu  of 
the  uterus  of  the  rabbit  showing  the  convoluted  glands  extending  through 
the  mucous  membrane  ;  the  thick  innermost  muscular  layer  which  occupies 
the  deepest  part  of  the  mucosa ;   the  large  blood-ve.ssels  in  the  submucous 
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layer,  and  the  two  strata 
of  the  true  muscular  tissue 
outside  the  main  vessels. 

Changes  accompanying 
menstruation. — At  the  com- 
mencement of  each  menstrual 
period  the  mucous  mem- 
brane of  the  uterus  under- 
goes a  partial  process  of 
disintegration  accompanied 
by  an  escape  of  blood  from 
the  capillaries  of  the  mem- 
brane (fig.  572).  This  is 
succeeded  by  a  rapid  renewal 
of  the  disintegrated  part. 
Should  pregnancy  super- 
vene, the  process  of  renewal 
results  in  the  formation  over 
certain  parts  of  a  greath' 
thickened  mucous  mem- 
brane, with  long  convoluted 
glands :  this  is  known  as 
the  decidua.  The  muscular 
layer  also  becomes  enor- 
mously hypertrophied  during 
pregnancy;  this  hypertrophy  is  produced  by  the  enlargement  of  the  individual 
muscle-cells. 
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serous  layer  ;  l.iii.,  loiit,nt.ndiiial  niuyL-lilar  llln-es  ;  cm.,  [circular 
niuycniar  fibres  of  the  niusciilar  coat ;  a,  areolar  tissue  with 
larj^^e  1  ilood- vessels  ;  m.ii't.,  musuularis  iiiueoste  ;  m,  mucous 
membrane. 


Fig.  572. — Section  of  mucous  membkane  of  humajN  uterus  uuking  mknstkua- 
TioK,  showing  masses  of  blood  which  has  esoafed  from  kuptured 
capillaries  into  the  interolandular  tissue,  and  has  at  one  place  (♦) 

BROKEN    THROUOH    THE    SURFACE    EPITHELIUM.       (Sellheim.) 
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Yui.  573. — DiACKAM  TCI  IMjrsTIIATK  TIIK  E^llll01lhr^( ;  (IK  Till':  DVC.M  IN  THE  DKCIlirA 
ANll  THE  FIliHT  FIIUMATTdN  OF  THE  FlETAE  VILLI  IN  THE  FdRSl  OF  A  SYNCYTIAL 
TRIIPHIIELAST  (DEKIVED  FROM  THE  OITTEK  LAYER  (IF  THE  OVUM)  WHIl.'H  IS 
INVADINO    SINUS-LIKE    liLOOllSI'AfES    IN    THE    IlEUIDUA.       (T.   H.  Bl'yce. ) 


;.' 


m.  r.   SI/ 

Flf:.      574. — 1)1A0R.\M      OK      \     FURTHER     SI'AOE     IN     TH  K     FORSHTIIIN     OF    THE    I'LACENTA, 
SFIOWINi;    THE    K(F;T.\L    villi    WITHIN    TH  F    I'.LOoll-.SI'.ACES    OK   THE    PL.ACENTA    ANB 
PARTLY   ATTACHED    TO    THE    UKOIDUAL    W  .VLL.       (T.   H.   Bryce. ) 
The  villi  are  now  occupied  by  a  cor-c  of  vasciiUir  nic^oderm.     They  are  cox'ereil  In"  a  syncytium 
(confciitued  o\er  the  deeidua).  within  which  is  a  layer  of  epitheliuni-cells  ;  /',(,'.',  f(jetal  v(2ssels ; 
ni.i'..  maternal  ves.sels ;  m,  mesoderm  of  chorion  ;'n,  a  villus  cut  acro.ss;'(),  attachment  of 
a  \  illus  ;  .«/,   sy  ni-ytial   eoxering  to  villi   eontiiuied  at  s'j'  on  to  deeidua  ;  ep,   epithelial  layer 
under  syneytiiiln. 
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The  phenomenon  of  heat  in  animals  is  attended  by  changes  in  the  uterus  which 
are  analogous  to  those  occurring  during  menstruation  in  the  human  subject.  The 
■whole  series  of  alterations  which  accompany  this  condition — including  the  changes 
preparatory,  accompanying,  and  succeeding  the  periodical  blood-flow  from  the 
uterus — is  known  as  the  cestrov,%  cycle. 

Structure  of  the  placenta. — When  the  developing  ovum  reaches  the  uterus 
it  becomes  embedded  in  the  thickened  mucous  membrane  (decidua).  Processes 
(foetal  villi),  formed  at  first  entirely  of  epithelial-cells,  partly  distinct,  partly 
conjoined  into  a  syncytium,  grow  out  into  the  decidua  fi'om  the  chorion  which 
forms  the  exteinal  covering  of  the  developing  ovum  (fig.  573).  Later,  vascular 
mesoderm  from  the  chorion  penetrates  everywhere  into  the  villi  bringing  foital 
blood  from  the  umbilical  vessels.  In  the  meantime  large  blood  sinuses  become 
formed  in  the  decidua,  and  into  these  maternal  blood  is  poured  by  small  spiral 
arteries,  and  is  taken  away  by  corresponding  veins.  The  foetal  villi  are  therefore 
bathed  in  maternal  arterial  blood  within  the  sinuses  of  the  decidua  (fig.  574),  into 
which  for  the  most  part  they  hang  free,  although  some  are  attached  to  the  wall  of 
the  decidua  and  others  to  fibrous  septa  which  extend  from  this  wall  to  the  chorion, 
and  partly  subdivide  the  placenta  into  loculi. 

A  section  across  the  discharged  placenta  or  afterbirth  shows  it  to  be  bounded  on 
the  fcetal  side  by  the  chorion,  covered  by  the  smooth  amnion,  and  on  the  maternal 
side  by  the  thin  and  somewhat  uneven  detached  part  of  the  decidua — a  separation 
having  occurred  in  the  substance  of  the  decidua  when  the  placenta  becomes  detached 
from  the  uterus.  Between  these  two  boundaries  is  a  spongy  mass  which  in  sections 
examined  under  the  microscope  (fig.  57.i)  appears  to  be  foi'med  of  a  more  or  less 
continuous  blood-space  in  which  an  enormous  number  of  ftietal  villi  are  seen,  cut  in 
various  directions.  Each  villus  (fig.  .">76)  is  formed  of  jelly-like  connectiA^e  tissue 
covered  by  a  layer  of  epithelial-cells,  which  appear  to  be  united  with  one  another 
to  form  a  syncytium.  Within  the  larger  villi  arterioles  and  venules  are  seen  and 
in  some  capillaries  also  ;  within  the  smaller  only  capillaries.  Sometimes  villi  are 
observed  which  appeai:^to  be  undergoing  fibrinous  degeneration  (fig.  575). 


THE   CLITORIS,   VAGINA  AND   UKETHRA. 

The  clitoris  is  similar  in  structure  to  the  penis,  being  mainly  composed 
of  erectile  or  cavernous  tissue  arranged  in  structures  corresponding  generally 
with  the  corpora  cavernosa  and  corpus  spongiosum  but  much  less  developed. 
There  are  also  two  oval  masses  of  erectile  tissue,  one  on  each  side  of  the 
vaginal  orifice ;  as  well  as  an  intermediate  collection  of  plexiform  veins  which 
join  these  masses  with  the  corpus  spongiosum.  The  clitoris  is  not  traversed 
by  the  urethra  as  in  the  male  organ. 

The  vagina  is  lined  by  a  mucous  membrane  furnished  with  a  low  stratified 
epithelium  (a)  with  broad  microscopic  papillae.  Outside  the  epithelium  is  the 
corium  (6)  composed  of  a  very  vascular,  dense,  connective  tissue.  There  are 
no  glands  in  the  mucous  membrane.  Outside  the  corium  is  a  well-marked 
muscular  coat  '(c)  formed  of  plain  muscle,  the  fibres  having  mainly  a 
longitudinal  direction.  They  are  continued  from  the  fibres  of  the  uterus. 
Outside  the  muscular  coat  is  a.  fibrous  layer. 

Bartolin's  glands,  which  correspond  with  Cowper's  glands  in  the  male,  lie 
on  each  side  of  the  vagina  near  its  upper  end.  Their  ducts  open  immediately 
at  the  side  of  the  orifice  of  the  vagina.  Bartolin's  glands  are  of  the 
compound  racemose  type,  with  mucous  alveoli,  lined  with  clear  columnar  cells. 

The  urethra  in  the  female  runs  from  the  bladder  parallel  with  the 
anterior  wall  of  the  vagina,  with  the  fibrous  layer  of  which  it  more  or  less 
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¥u:.  575. — Sj-xtkik  of  a  placknta  at  i'uj.j.  time.     (T.  H.  Bryue. ' 
jjreparatioii  by  J.  H.  Teacher. 


From 


Unc  or  two  of  the  \  illi  show  librinoiis  det^^eneration.     For  the  sake  of  distiTietion  the  fuetal 
hlood-eorpuscles  are  represented  as  solid  dots,  the  maternal  as  circles. 


.n*****'******,; 


Fii.;.  576. — Section   of  a  vilus   fko.m   a 

PLACENT.V      .VT      THE      SEVENTH      MONTH. 

Highly  magnified.     (T.  H.  Bryce.) 


blends.  As  in  the  male  sex,  the 
wall  of  the  urethra  is  formed  of 
three  coats,  mucous,  submucoiis, 
and  muscular.  The  mucous  mem- 
hraiie  is  lined  throughout  by 
stratified  epithelium,  except  quite 
near  the  bladder  where  the  epi- 
thelium is  transitional.  The  sub- 
iiiucous  coat  contains  cavernous 
tissue,  or  at  least  a  close  plexus  of 
veins.  The  muscular  coat  has  two 
layers  of  plain  muscle,  an  inner 
longitudinal  and  an  outer  circular; 
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there  are  also   a   few   longitudinal   striped   fibres,  chiefly  confined  to  the 
anterior  aspect  of  the  tube. 


'»■  \^^'i^^.' t'-  i/v'<?y-^::^^^ 


Fn;.  577. — Section  of  vagina  of  monkey.     (Marshall.) 

u,  stratified  epithelium  ;  b,  coriiim  of  mucous  membrane ;  c,  muscular  layer ;  the  fibres  cut  across  ; 
d,  a  small  gang-lion ;  (/',  nerve-bundles ;  e,  a  small  artery ;  /,  fat-cells 


Numerous  small  acinous  glands,  similar  to  those  of  the  prostate  in  the 
male,  open  on  to  the  mucous  membrane. 
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LESSON  XXXIX. 
THE  SPINAL  CORD. 

1.  Sections  of  the  spinal  cord  from  the  cervical,  dorsal,  and  lumbar  regions.  If 
the  human  spinal  cord  cannot  be  obtained  sufficiently  fresh,  that  of  a  dog,  cat,  rabbit, 
or  monkey  may  be  used.  It  is  to  be  hardened  by  suspending  it  immediately  after 
removal  from  the  body  in  a  tall  jar  of  formol  (10  per  cent,  solution).  After  a  few 
days  it  may  be  transferred  to  alcohol.  Sections  are  to  be  made  either  by  the 
paraffin  or  celloidin  method  :  the  former  is  preferable  for  small  cords.  The  sections 
may  be  stained  by  Nissl's  method,  which  brings  to  view  the  nerve-cells  and  also 
stains  the  axis-cylinders  of  the  nerve-fibres.  If  it  is  desired  to  stain  by  the 
Weigert-Pal  method,  which  colours  the  medullary  sheaths  of  the  nerve-fibres,  the 
pieces  of  cord  should  be  placed  in  2  per  cent,  bichromate  of  potassium  solution  or 
Miiller's  fluid  (either  at  once  or  after  formol)  and  should  be  left  for  about  a  month, 
after  which  they  are  cut  by  a  freezing  microtome.  (For  the  details  of  these 
methods  see  Appendix.)  Carminate  of  ammonia  or  thionin  may  also  be  employed 
to  stain  the  nerve-cells  and  axis-cylinders. 

Notice  the  relative  extent  of  the  grey  as  compared  with  the  white  matter  in 
the  different  regions  of  the  cord. 

Sketch  a  section  from  each  region  under  a  low  power.  Sketch  also  a  small 
portion  of  the  white  substance,  two  or  three  nerve-cells,  and  the  central  canal  with 
its  lining  epithelium  and  surrounding  neuroglia  under  the  high  power. 

Measure  the  diameter  of  some  of  the  nerve-fibres  in  the  ventral  columns,  in  the 
lateral  columns,  and  in  the  dorsal  columns. 

2.  The  development  of  the  spinal  cord  may  be  studied  in  sections  of  chick 
embrj'os  at  various  stages  prepared  by  Golgi's  method  (see  Appendix). 


GENERAL  STRUCTURE  OF  THE  SPINAL  COED. 

The  spinal  cord  is  composed  of  grey  matter  in  the  centre  and  of  white 
matter  externally.  It  is  invested  by  three  membranes,  termed  respectively 
pia  mater,  arachnoid,  and  dura  mater  (fig.  578).  The  pia  mater  is  every- 
where in  close  contact  with  the  surface  of  the  cord;  by  its  means  the 
blood-vessels  are  distributed  to  the  organ.  Next  to  the  pia  mater  and 
separated  from  it  by  a  considerable  space,  termed  the  subarachnoid  space,  is 
the  arachnoid,  a  non-vascular  membrane.  In  some  parts  the  arachnoid  lies 
close  to  the  dura  mater ;  in  others  it  is  separated  from  it  also  by  a  space  con- 
taining fluid  and  known  as  the  subdural  space.  The  fluid  in  these  spaces  and 
in  the  corresponding  spaces  around  the  brain  is  known  as  cerebro-spinal  fluid. 

The  arachnoid  is  a  non-vascular  areolar  structure,  resembling  a  serous 
membrane  in  general  structure,  but  moi'e  delicate  in  texture.  The  dura 
mater,  which  immediately  lines  the  vertebral  canal,  is  a  strong  fibrous  mem- 
brane. These  membranes  are  continuous  with  the  connective-tissue  sheaths 
of  the  issuing  spinal  nerves. 

At  the  middle  of  the  ventral  (anterior)  and  dorsal  (posterior)  surfaces 
the  pia  mater  dips  into  the  substance  of  the  cord  in  the  ventral  and  dorsal 
median  fissures,  so  as  to  divide  it  almost  completely  into  two  lateral  halves. 
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These  are,  however,  united  by  an  isthmus  or  bridge,  which  is  composed 
ventrally  of  transversely  crossing  white  fibres  {white  commissure),  dorsally 
of  grey  matter  (grey  commissure),  in  the  middle  of  which  is  a  minute  canal 
lined  by  ciliated  epithelium  (central  canal). 

Each  lateral  half  of  the  spinal  cord  contains  a  crescent  of  grey  matter, 
which  is  joined  to  the  corresponding  crescent  of  the  opposite  side  by  the 
grey  commissure.  Of  the  two  horns  of  the  crescent  the  dorsal  is  the 
narrower  and  comes  near  the  surface  of  the  cord  :  close  to  it  the  bundles  of 
the  dorsal  nerve-roots  enter  the  cord.  The  bundles  of  the  ventral  nerve-roots 
emerge  from  the  corresponding  horn. 

According  to  Ingbert  about  1,300,000  nerve-fibres  enter  the  cord  by  the  dorsal 
roots,  and  about  one-third  that  number  leave  it  by  the  ventral  roots. 

The  dorsal  root-fibres  are  deriveil  from  the  cells  of  the  spinal  ganglia,  which] lie 
outside  the  cord  ;  the  ventral 
root-fibres  from  cells  within 
the  grey  matter,  chiefly  from 
cells  in  the  ventral  horn,  but 
also  from  cells  in  the  middle 
and  dorsal  parts  of  the  grey 
matter  and  (especially  in  the 
thoracic  region)  from  cells  in 
the  intermedio-lateral  tract 
(lateral  horn).  The  latter 
probably  furnish  the  auto- 
nomic (sympathetic)  fibres  of 
the  ventral  roots,  while  the 
cells  of  the  ventral  horn 
furnish  the  fibi'es  which  are 
distributed  to  the  voluntary 
muscles. 

The  white  matter  of 
each  half  of  the  cord  is  sub- 
divided by  the  approach  of 
the  dorsal  horn  to  the  surface 
into  two  unequal  columns 
— ventro-lateral  and  dorsal. 
A  distinction  is  sometimes 
drawn  between  ventral  and 

lateral  portions  of  the  ventro-lateral  column,  although  there  is  no  line  of  demar- 
cation between  them.  In  the  upper  part  of  the  cord  the  dorsal  column  is  sub- 
divided by  a  septum  of  connective  tissue  into  two—  the  dorso-mesial  column 
or  funiculus  gracilis,  and  the  dorso-lateral  column  or  funiculus  cuneatus. 

The  white  matter  is  composed  of  longitudiaally  coursing,  medullated 
nerve-fibres,  which  in  sections  stained  with  carmine  or  thionin  appear  as  clear 
circular  areas  with  a  stained  dot,  the  axis-cylinder,  near  the  middle  (fig. 
580) ;  while  in  sections  stained  by  the  Weigert-Pal  method  they  appear  as 
black  circles  with  a  clear  centre.  The  nerve-fibres  vary  in  size  in  different 
parts ;  on  the  whole  those  which  are  nearest  to  the  surface  of  the  cord  are 
larger  than  those  nearest  to  the  grey  matter,  but  there  is  a  bundle  of  very 
small  fibres  opposite  the  tip  of  the  posterior  horn. 


Fifi, 


578. — Section  of  thi?  spinal  cord  within  its 
MEMBRANES.     (Key  and  Retzius. ) 
dura  mater ;   b,   arachnoid ;   0,  septum  of  arachnoid ;   rf, 


trabeculai  of  arachnoid ;  .7,  lifjamentum  denticulatum ; 
iDundles  of  dorsal  root ;  A,  bundles  of  ventral  root ;  k, 
subarachnoid  space, 
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The  medullated  fibres  are  supported  by  nevro(jlia,  which  is  composed  of 
neuroglia  cells  and  fibres  (figs.  243  to  245).     The  neuroglia  is  accumulated  in 


(lorsQ.lateial  fi'jsnr'" 
ilorso-meHial  f;olumn 


florsal  median  fissure 

dorsal  root-bunrUe 

<lorsal  column. 


suttst.  gelat.  of 
dorsal  horn"-?* 


reliellar  tt  a  t — A —      , 
.  pyram  tr     £c^    - 


dorsal  cereliellar  tt  a  t- 
lat, 


form,  rctif 


central  nana' 


ventral  commissurr 


ventral  hoin 


ventral  median  fissui  e 


Fic.  570. — Section  of  kfman  spiN.'kL  cord  prom  fpper  cekvical  region. 
Pliotograph.     Magnified  about  8  diameters. 


5S0. A    SMALL     PORTION       OF     A     TRANSVERSE     SECTION     OF     THE      IlrMAX     SPIN'AL 

CORD     IN     'IHE    RE(;ION     (JF     THE     L.ITERAL     COLCMN,     TO    SHOW     THE     SIPERFICHE 

NECROOLIA.  Higlil}'  magnified, 
a,  a,  .superficial  neuroglia  ;  h.  h,  transv'erse  sec-tion  of  i>art  of  tlie  lateral  colunm  of  the  cord  in 
vvliich  the  dark  pomts  are  the  axiscylinders,  and  the  clear  areas  the  medullarv  substance  of 
the  ner\  e-hbres.  The  superficial  iieurojilia  is  seen  to  exhibit  the  appearance  of  k  fine  feltwork 
in  which  numerous  nuclei  and  one  or  tno  corpora  amylacea.  c.a..  are  embedded  and  to  extend 
inwards  (c,  e)  amon;;  the  nerve-libres.  '  -  i^c  ,  . 

greater  amount  at  the  surface  of  the  cord,  underneath  the  pia  mater  (particu- 
larly, in  the  human  cord,  near  the  entrance  of  the  dor.sal  roots  (fig.  580)),  and  it 
extends  into  the  grey  matter,  in  which  it  is  especially  abundant  in  the  suhstanfia 
ye/df-inofiii  at  the  apex  of  the  dorsal  horn  and  around  the  central  canal. 
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The  grey  matter,  besides  neuroglia,  contains  an  interlacement  of  nerve- 
fibres  and  the  arborisations  of  the  dendrons  of  the  nerve-cells  which  are 
embedded  in  it. 

The  central  canal  of  the  spinal  cord  is  lined 
by  columnar  ciliated  epithelium-cells  (ependyma) 
which  are  surrounded  by  a  quantity  of  neuroglia 
(figs.  581,  582,  583).  The  cells  are  best  seen  in 
the  spinal  cord  of  animals  and  in  the  child  ;  in 
the  human  adult  they  have  frequently  become 
proliferated,  and  cilia  are  no  longer  present.  In 
the  early  embryo  their  fixed  extremities  extend 
through  the  whole  thickness  of  the  cord  to  reach 
the  pia  mater.  This  condition  is  permanent  in 
the  cord  of  many  of  the  lower  vertebrata. 

Blood-vessels  of  the  spinal  cord. — The  blood- 
supply  of  the  grey  matter  is  derived  mainly  from 
a  series  of  arterioles,  which  come  oif  from  the 
me.sially  situated  ventral  spinal  artery,  pass  into  the  ventral  median  fissure,  and 


Fio.    581. — Section    of   the 

CENTRAL  CANAI,  OF  THE 
SPINAL  CORD  OP  A  CHILD, 
SHOWING  ITS  CILIATED 
EPITHELIUM  AND  THE  SUR- 
ROUNDING CENTRAL  NEURO- 
iJLiA.  Moderately  magni- 
fied. 


Fig.  582. — Ependyma  and  nburoclia-cells  around  central  canal  of 
CORD.     (Lenhoss^k.)    Golgi  method. 
27 
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at  the  bottom  of  this  divide  each  into  two  branches,  one  for  the  grey  matter  of 
each  lateral  half  of  the  cord.  In  the  grey  matter  is  a  very  close  capillary 
plexus  which  is  supplied  not  alone  by  the  vessels  just  mentioned,  but  also  by 
small  arterioles  which  converge  from  the  small  arteries  of  the  pia  mater, 
passing  through  the  white  matter,  and  supplying  this  as  they  traverse  it. 
These  arterioles  are  branches  of  the  above-mentioned  ventral  spinal  ai'tery 
and  of  the  dorsal  spinal  arteries  (which  run  on  each  side  along  the  line  of 
the  dorsal  roots).  The  capillary  plexus  of  the  white  matter  is  far  less  dense 
than  that  of  the  grey  matter.     It  forms  longitudinal  meshes. 

The  veins  of  the  spinal  cord  accompany  the  arteries.  Two  longitudinal 
venous  vessels,  accompanying  corresponding  anastomotic  arterioles,  are  seen, 

one   on   either  side  of 
the    central    canal,    in 
'i'^'^i^S^ —  ,.-  most     transverse     sec- 

tions of  the  cord. 

CHAEACTEKS  OF  THE 
SPIl^AL  CORD  IN  ITS 
SEVERAL  REGIONS. 
In  the  cervical  region 
(fig.  584,  A),  the  white 
matter,  especially  that 
of  the  lateral  columns, 
occurs  in  largest  pro- 
portion. The  grey 
matter  in  the  cervical 
enlargement  is  also  in 
considerable  amount, 
and  it  encroaches, 
especially  in  the  upper 
pai't  of  the  region,  in 
the  form  of  a  network 
(formatio  re/iriilnri.i)  upon  the  adjacent  pai't  of  the  lateral  white  column 
(fig.  579).  The  ventral  horns  are  thick  and  the  dorsal  slender.  The  dorso- 
mesial  column  is  distinctly  marked  off. 

In  the  thoracic  region  (B)  the  grey  matter  is  small  in  amount,  and  both 
horns  are  slender.  The  whole  cord  is  smaller  in  diameter  than  either  in  the 
cervical  or  lumbar  region.  The  columns  of  nerve-cells  known  as  Clarke's 
column  and  the  intermedio-lateral  column  are  well  marked. 

In  the  hnnhar  region  (C)  the  crescents  of  grey  matter  are  very  thick,  and 
the  white  substance,  especially  the  lateral  columns,  relatively  small  in  amount. 
The  isthmus  lies  nearly  in  the  centre  of  the  cord,  whei'eas  in  the  cervical 
and  dorsal  regions  it  is  nearer  the  ventral  surface. 

In  the  part  of  the  spinal  cord  from  which  the  sacral  and  coccygeal  nerve- 
roots  take  origin  grey  matter  largely  preponderates,  the  crescents  form  thick 
irre"Tilar  masses,  and  the  grey  isthmus  is  also  of  considerable  thickness. 


Fig.  583. — Pabt  of  epithelium  of  cen-tral  canal  of  new- 
born   CHILD,    STAINED   BY   GoLGl'S   METHOD.      (Sobotta.; 

Magnified  120  diameters. 
ep,  epithelium  ;  ng,  iieui'oprlia-cells.io  adjacent  gi'ey  matter. 
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:rficial 


B 

Fig.  584. — Sections  of  human 
spinal  cokd  from  thf,  l0wj5r 

nEEVICAI.(^),  MID-THORACIC (i?), 
AND  MID  LUMBAR  (C)  REGIONS, 
SHOWING  THE  PRINCIPAL 
GROUPS  OF  NERVE-CELLS,  AND 
ON  THE  RIGHT  SIDE  OF  EACH 
SECTION  THE  CONDUCTING 

TRACTS  AS  THEY  OCCUR  IN  THE 
SEVERAL  REGIONS. 

a,  by  c,.  groups  of  cells  of  the  ventral  or 
anterior  horn ;  rf,  cells  of  the  lateral 
horn  ;  e,  middle  group  of  cells ;  /,  cells 
of  Clarke's  column ;  .t/,  cells  of  dorsal 
or  posterior  horn  ;  c.c,  central  canal ; 
a.o,  ventral  commissure ;  M,  marginal 
bundle  of  Lissauer;  P.M'.,  septomar- 
ginal tract. 
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LESSON  XL.    . 
THE   SPINAL   CORD  {continued). 

1.  Tracts  in  the  spinal  cord.  The  conducting  tracts  of  the  spinal  cord  may  be, 
studied  in  two  ways,  viz.  :  (1)  by  preparing  sections  of  embryonic  cords  (from  the 
5th  to  the  9th  month),  the  sections  being  stained  by  the  Weigert-Pal  process  ; 
(2)  by  preparing  sections  from  the  cord  of  an  animal  in  which  semi-section  has 
been  performed  about  15  days  before  the  animal  is  killed.  The  cord  must  first  be 
partly  hardened  by  placing  it  for  a  few  days  in  Miiller's  fluid.  Thin  pieces  taken 
from  below  and  from  above  the  level  of  the  section  are  then  placed  in  a  solution 
consisting  of  two  parts  of  Miiller's  fluid  and  1  part  of  1  per  cent,  osmic  acid 
(Marchi's  method,  see  Appendix). 

2.  Grouping  of  cells  in  the  cord.     These  are  studied  in  sections  stained  by 
Nissl's  method  (see  Appendix). 


TRACTS   OF   NERVE-FIBRES   IN   THE   WHITE   COLUMNS. 

The  course  of  the  nerve-tracts  in  the  spinal  cord,  and  in  other  parts  of 
the  central  nervous  system,  can  be  made  out  by  the  method  of  Flechsig, 
which  involves  the  study  of  sections  of  the  developing  cord ;  for  it  is  found 
that  the  formation  of  medullary  substance  occurs  sooner  in  some  tracts  'than 
in  others,  so  that  it  is  easy  to  make  out  the  distinction  between  them. 
Thus,  the  peripheral  nerves  and  nerve-roots  become  myelinated  in  the  iirst 
half  of  the  fifth  month  of  foetal  life.  Of  the  tracts  of  the  spinal  cord,  those 
of  Burdach  and  Goll  (see  below)  are  the  first  to  be  myelinated,  then  the 
tracts  of  Flechsig  and  Gowers,  all  of  these  being  afferent  or  centripetally 
conducting,  while  the  pyramid-tracts,  which  are  efferent  or  centrifugally  con- 
ducting, do  not  receive  their  myelin  sheath  until  after  birth.i 

Another  method  (that  of  A.  Waller,  p.  174)  consists  in  investigating  the 
course  which  is  pursued  by  degeneration  of  the  nerve-fibres  in  consequence  of 
lesions  produced  accidentally  or  purposely.  Those  tracts  in  which  degenera- 
tion of  fibres  occurs  below  the  lesion  are  termed  "  descending  "  tracts ;  those 
in  which  it  occurs  above  the  lesion  are  termed  "ascending."  This  method, 
when  combined  with  the  staining  process  devised  by  Marchi,  is  by  far  the 
more  valuable,  since  it  enables  even  single  fibres  to  be  traced  far  from  their 
source. 

Further,  the  cells  whence  the  fibres  of  any  tract  arise  can  be  identified, 
after  a  lesion  of  the  tract,  by  the  ohromatolysis  or  degeneration  of  Nissl, 
which  nerve-cells  undergo  after  section  of  their  axons  (see  pp.  175,  176). 

'  Flechsig  finds  that  the  fibres  of  the  dorsal  roots  are  myelinated  in  at  least  three 
stages,  and  that  the  dorso-lateral  tract  shows  a  corresponding  differentiation  into  three 
chief  parts :  the  ventral,  middle,  and  dorsal  root-zones.  He  suggests  that  this  differerttia- 
tion  corresponds  with  fimotional  differences  of  the  fibres. 
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Tracts  of  the  dorsal  column. — 1.  Traat  of  Goll. — Most  of  the  fibres  of 
the  dorso-mesial  colnnm  belong  to  a  tract  which  is  known  as  the  tract  of  Ooll 
(fig.  588,  6).  This  consists  of  fibres  derived  from  the  dorsal  nerve-roots  of 
the  sacral,  lumbar,  and  lower  thoracic  nerves,  which,  after  having  entered 
the  dorsolateral  columns,  shift,  as  they  ascend,  towards  the  dorsal  median 
fissure  and  form  a  distinct  tract,  which  is  marked  off  from  the  rest  of  the 
dorsal  column  in  the  cervical  region  by  a  slight  furrow  and  a  septum  of  pia 
mater  (fig.  579).  This  tract  ends  amongst  the  cells  of  the  tiucleus  gracilis 
of  the  medulla  oblongata. 

2.  Tract  of  Bivrdach. — The  dorso-lateral  column  is  also  mainly  composed 


S^ —  '^ — -'  «,v 

Fig.  585. — Diaokam  showikg  the  site  of  degeneration   in  the  dorsal  column 
which    results   from   unil.iteral  section  of  the  dorsal    roots  of  the 

SECOND  SACRAL  TO  THE  SIXTH  LUMBAlt  NERVES  OF  THE  DOB.      (Singer.) 
a,  sixth  lumbar  segment ;  6,  fourth  lumbar ;  o,  from  the  mid-thoracic  region. 


Fig.  586. — Degenerations  following  unilateral  section  of  the  dorsal  roots 

OF  THE   eleventh    AND   TWELFTH   THORACIC   NERVES    OF   THE    DOG.       (Singer.) 
a,  at  level  of  twelfth  thoracic  ;  6,  of  third  thoracic ;  c,  from  mid-cervical  region. 


Fig.  587. — Degenerations  following  bilateral  sections  of  the  dorsal  roots 

or  THE  second  thoraciu  to  fifth  cervical  nerves  of  the  dog.     (Kahler.) 

a,  at  level  of  first  thoracic  ;  6,  at  sixth  cervical ;  c,  at  first  cervical. 


of  fibres  of  the  dorsal  nerve-roots,  which  run  for  a  certain  distance  in  it 
before  entering  the  grey  matter  of  the  cord  or  of  the  medulla  oblongata. 
As  each  mass  of  dorsal  root-bundles  enters  the  column  close  to  the  apex 
of  the  horn  it,  so  to  speak,  pushes  the  root-fibres  which  have  already 
entered  nearer  to  the  median  fissure ;  hence  those  which  are  derived  from 
the  lowest  nerve-roots  are  nearest  that  fissure  (tract  of  Goll),  while  those 
which  are  derived  from  the  highest  remain  near  the  horn  (tract  of  Burdach) 
(figs.  585  to  587).  Many  of  the  fibres  of  both  tracts  pass  into  the  grey 
matter  either  immediately  on  entering  the  cord  or  in  their  course  upwards ; 
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the  rest  are  continued  into  the  medulla  oblongata,  and  those  of  the  tract  of 
Bui'dach  end  by  arborising  amongst  the  cells  of  the  nucleus  cuneatnf:. 

3.  Comma  tract. — Besides  the  tracts  of  Burdach  and  Goll,  which  are 
wholly  composed  of  long  "  ascending "  fibres  having  their  cells  of  origin  in 
the  ganglia  on  the  dorsal  roots,  there  are  a  few  fibres  which  have  a  shorter 
"  descending "  course  in  the  dorsal  columns.  These  are  thought  by  some 
authors  to  arise  from  descending  branches  of  the  dorsal  root-fibres,  by  others 
from  cells  in  the  grey  matter  of  the  cord.  They  form  the  ,s,o-called  comma 
tract  (fig.  588,  5). 

Proprio-spinal  or  endogenous  fibres  of  the  dorsal  colxxmn. — These  com- 
prise a  few  fibres  {septo-marginal),  chiefly  accumulated  near  the  median  fissure 
{oval  bundle)  and  near  the  dorsal  surface  (median  triangle  bundle),  as  well  as 
others  scattered  in  the  column;  they  are  derived  from  cells  in  the  grey  matter 
of  the  cord  itself,  and  all  take  a  "descending''  course  in  the  dorsal  column. 

Flli.  588. — DiAOUAM  SHOWINii  THE 
^iSCENDIN(i  (bight  SIDE)  AND 
DESCENDING  (LEFT  SIDE)  TRACTS 
IN    THE    SPINAL   COKD. 

1,  Crossed  pyramid  tract ;  2,  direct  pyra- 
mid tract ;  3,  ventro-lateral  descending ; 
.la,  bundle  ofHelweg ;  4,  i)repyramidB5 ; 
o,  comma;  6,  dorso-mesial ;  7,  dorso- 
lateral ;  8,  tract  of  Lissauer ;  9,  dorsal 
cerebellar  ;  10,  \entro-lateral  ascending 
or  ventral  cerebellar ;  s-m,  septo-mar- 
ginal ;  s.p.L,  superficial  dorso-lateral 
fibres  (dorsal  root-zone  of  Flechsig); 
a  to  a^,  groups  of  cells  in  the  ventral 
horn ;  i,  intermedio-lateraj  group  or 
cell-cohnnn  in*  the  lateral  part  of  the 
grey  matter  ;  p^  cells  of  dorsal  horn  ;  if, 
dorsal  nucleus  of  Stilling  or  cell-column 
of  Clarke.  The  scattered  dots  indicate 
the  situation  of  "endogenous"  fibres 
(arising  in  gl'ey  matter  of  cord)  having 
for  the  most  part  a  short  course. 
There  are  many  more  of  these  fibres, 
near  the  grey  matter,  not  indicated  in 
the  diagram. 

There  are,  however,  other  fibres  wh;ch  arise  in  the  grey  matter  and  having  an 
"ascending"  course  are  especially  numerous  in  the  ventral  part  of  the  column. 
Tracts  of  the  ventro-lateral  column:  descending  tracts. — 1.  Pyramid 
tract  or  corticospinal  tract. — At  the  dorsal  part  of  the  lateral  column  there  is 
a  tract  of  moderately  large  "  descending "  fibres  which  are  found  to  run  in 
the  lateral  column  of  the  spinal  cord  from  the  opposite  side  of  the  brain, 
after  having  for  the  most  part  crossed  at  the  decussation  of  the  pyramids  of 
the  medulla  oblongata  (crossed  lateral  pyramid  tract,  fig.  588,  1  ;  fig.  589,  la). 
Intermingled  with  the  fibres  of  the  crossed  pyramid  tract  in  the  lateral 
column  are  a  few  fibres  of  the  pyramid  which,  have  not  crossed  in  the  medulla 
oblongata,  and  which  are  therefore  derived  from  the  cerebral  cortex  of  the 
same  s,\A&  (loicrossed  lateral  pyramid  fibres,  fig.  589,  16).  Certain  large  fibres 
which  lie  in  the  ventral  column  next  to  the  median  fissure  in  the  human 
subject,  also  belong  to  a  portion  of  the  same  tract  which  has  not  undergone 
decussation  (direct  'pyramid  tract,  figs.  588,  589,  2).     The  direct  pyramid 
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Viii.    589.  — DiA(;HA>r    suovviN(i    thk    couksk,    okkiin,    and  tjdkm] n ation   of    the 

FJBBES    OF    THE     PKINCIPAL    TKAt'TSi     OF    THE     ■WHITE     MATTEK     OF    THE    SFINAL 

COED.     (The  numbers  in  this  diagram  refer  to  fibres  of  the  tracts  shown  with 
corresponding  numbers  in  fig.  688. ) 

"  Descending  "  tracts  : — la,  a  fibre  of  the  crossed  pyramid  tract ;  lit,  an  uncrossed  fibre  of  the  pyramid 
tract  passing  to  the  lateral  column  of  the  same  side  ;  $,  a  flhre  of  the  direct  pyramid  tract ;  3, 
a  fibre  of  the  ventro-lateral  descending  tract ;  i,  a,  fibre  of  the  prepyramidal  tract ;  !^,  fibres  of  the 
■  ,  ,  pomnia  tract.  "Ascending"  tracts;— 6,  a  fibre  of  the  dorso-mesial  tract ;  7,  fibres  of  the  dorso- 
lateral tract ;  9,  one  belonging  to  the  dorsal  cerebellar ;  10,  a  fibre  of  the  ascending  ventro- 
:  ISitSral  or  ventral  cerebellar  tract.  Also,  m,  motor  nerves  ;  s,  sensory  (afferent)  nerves  ;  »i.(/mc., 
nucleus  gracilis ;  n.euu.,  nucleus  cuneatus  ;  nud.  pontis,  nucleus  of  pons.  The  arrows  indicate 
the  direction  of  the  ner\  e-iaipulscs. 
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tract  is  only  found  in  man  and  the  anthropoid  apes ;  it  varies  considerably 
in  extent.  It  is  always  most  distinct  in  the  cervical  region,  becoming 
gradually  lost  as  it  is  traced  down. 

The  pyramid  tracts  are  composed  of  "descending"  fibres,  which  have 
their  cells  of  origin  in  the  cerebral  cortex  (precentral  and  paracentral  gyri) 
and  end  by  arborisations  in  the  grey  matter  at  the  base  of  the  dorsal  horn 
of  the  spinal  cord.  In  some  mammals  (rat,  mouse,  guinea-pig,  sheep, 
kangaroo,  squirrel,  etc.)  the  pyramid  tracts  are  situated  in  the  dorsal 
columns  of  the  cord,  in  others,  including  the  monkey,  dog,  cat,  and  rabbit, 
they  run  wholly  in  the  lateral  columns.  The  pyramid  tracts  are  very  small 
in  the  lower  mammals,  and  are  not  found  at  all  in  vertebrates  below  mammals. ' 

It  has  been  calculated  that  there  are  about  80,000  fibres  of  the  pyramid 
tract  in  each  half  of  the  humaA  cord.  The  pyramid  tracts  are  generally 
regarded  as  the  paths  along  which  volitional  impulses  are  conveyed  from 
the  cerebral  cortex  to  the  spinal  cord.  But  experiments  have  shown  that 
they  are  not  the  only  cortico-spinal  paths  nor  even  the  most  important  in 
many  mammals,  for  the  paralysis  which  results  from  their  section  is  soon 
recovered  from  in  most  mammals,  whereas  that  resulting  from  section  of 
the  ventral  column  and  adjacent  part  of  the  lateral  column  may  be  marked 
and  permanent  in  animals,  although  such  section  in  man  may  produce  no  motor 
paralysis.  It  appears  to  be  the  finer  and  more  delicate  movements  which 
are  pei'manently  lost  when  the  pyramid  tract  is  affected  by  disease  in  man. 

2.  Tract  of  Loewenthal. — Besides  the  pyramid  tracts  there  are  four  other 
"  descending "  tracts  of  fibres  in  the  ventro-lateral  column.  One  of  these 
(the  ventro-lateral  descending  tract  or  tract  of  Loewenthal,  figs.  588,  589,  3) 
lies  on  the  side  of  the  ventral  median  fissure,  and  extends  along  the  margin 
of  the  cord  in  the  "root"  zone,  even  reaching  the  ventral  part  of  the  lateral 
column.  These  fibres  are  continued  down,  chiefly  from  the  dorsal  longi- 
tudinal bundle  of  the  medulla  oblongata  and  pons  (bulbospinal  and  ponto- 
spinal  fibres),  partly  from  other  sources  which  will  be  afterwards  referred 
to.  They  end  by  arborisations  in  the  ventral  horn.  Similar  arborisations 
pass  from  the  dorsal  longitudinal  bundle  to  the  nuclei  of  the  motor  cranial 
nerves.     This  tract  is  mainly  uncrossed. 

3.  Rubrospinal  tract. — Another  "  descending  "  tract  in  the  ventro-lateral 
column  lies  just  in  front  of  the  crossed  pyramid  tract;  this  is  the  pre- 
pyramidal  or  rubrospinal  tract  (figs.  588,  589,  4).  Its  fibres  end  by 
arborising  in  the  grey  matter  of  the  middle  of  the  crescent ;  the  situation  of 
its  cells  of  origin  is  the  red  nucleus  of  the  tegmentum  in  the  mid-brain  (p.  462). 
This  tract  is  also  known  as  Monakow's  tract.  Some  of  its  fibres  may  be  de- 
rived from  cells  in  the  reticular  formation  of  the  pons  and  medulla  oblongata. 

4.  Tectospinal  fibres. — Intermingled  with  the  fibres  of  the  rubro-spinal 
tract  (but  far  fewer  in  number  in  man)  are  fibres  derived  from  the  quadri- 
geminal  bodies  of  the  opposite  side.  These  fibres  form  a  part  of  the  tecto- 
spinal tract.     Another  part  of  this  tract  {ventral  longitudinal  bundle)  passes 
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down  the  ventral  column  of  the  cord  along  with  the  fibres  of  the  tract  of 
Loe  wen  thai. 

5.  Olivospinal  tract.— This  is  a  small  triangular  group  of  "descending" 
fibres  traceable  from  the  neighbourhood  of  the  olive  in  the  medulla 
oblongata,  and  passing  down  the  cervical  cord  in  the  ventral  part  of  the 


Fig.  590. — Diagram  showing  the  cockse  of  the  spino- 
cekebellar  fibres  constituting  the  tracts  of 
flibchsig  and  of  gowbrs  in  the  spinal  cord  and 
their  continuations  to  the  cerebellum. 

a,  cells  of  Clarke's  column  in  the  dorsal  horn  of  the  spinal  cord,  giving 
origin  to  fibres  which  pass  into  both  spino-cerebellar  tracts ;  6, 
tract  of  Flechsig,  passing  above  by  way  of  the  restifonn  body 
to  the  cerebellar  vermis ;  c,  tract  of  Gowers ;  d,  passage  of  most 
of  its  fibres  along  the  superior  peduncle  to  the  vermis  of  the 
cerebellum :  they  are  seen  turnmg  sharply  backwards  immedi- 
ately after  passing  the  level  of  the  place  of  exit  of  the  5th  nerve 
(V).  Some  of  the  fibres  of  this  tract'  leave  it  in  the  medulla 
oblongata  and  join  the  fibres  of  the  tract  of  Flechsig  which  are 
passing  to  the  cerebellum  by  its  inferior  peduncle.  One  such 
fibre  is  shown  in  the  diagram. 
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lateral  column  (fig.  518,  3rt) ;    the  exact  origin  and  destination  of  its  fibres 
is  unknown.     It  is  also  known  as  the  bundle  of  Heltveg. 

Ascending  tracts  of  the  ventro-lateral  column. — 1.  Tract  of  Flechsuj.- — 
This  is  a  well-marked  tract,  which  is,  however,  only  distinct  in  the  cervical 
and  dorsal  regions,  where  it  lies  external  to  the  crossed  pyramid  tract.  It 
consists  of  large  fibres  v/hich  are  derived  from  the  cells  of  Clarke's  column 
(fig.  588,  d)  and  which  pass  into  the  lower  or  posterior  part  of  the  cerebellar 
vermis  by  the  inferior  peduncle  of  the  same  side  (domal  spina-cerebe/far  firiut; 
direct  cerebellar  tract,  fig.  584 ;  also  figs.  588,  589,  9  ;  590,  b). 

2.  Tract  if  Gomrs,  ventro-lateral  ascending  tract. — This  is  situated 
ventrally  to  the  tr'act  of  Flechsig  and  the  lateral  crossed  pyramid  tract  in 
the  lumbar  region  ;  while  in  the  thoracic  and  cervical  regions  it  forms  a 
narrow  band  of  fibres  curving  round  close  to  the  lateral  surface  of  the 
cord,  and  extending  into  the  ventral  column  (figs.  588,  589,  10).  Its  fibres 
are  partly  intermingled  with  those  of  the  ventro-lateral  descending  tract. 
Most  of  the  fibres  of  the  tract  of  Gowers  are  connected  with  the  upper  or 
anterior  part  of  the  vermis  of  the  cerebellum.  They  constitute  the  ventral 
spino-cerebellar  tract,  which  passes  to  the  cerebellum  along  with  the  superior 
cerebellar  peduncle  (fig.  590).  Both  in  the  cord  and  medulla  oblongata  it 
gives  off  fibres  to  join  the  tract  of  Flechsig  and  to  pass  in  this  to  the 
cerebellum  by  the  inferior  peduncle.  According  to  Van  Gehuchten,  con- 
firmed by  Collier  and  Buzzard,  the  tract  of  Gowers  gives  off  a  few  fibres  to 
enter  the  opposite  cerebellar  hemisphere  by  the  middle  peduncle. 

Some  of  the  fibres  included  within  the  ai-ea  of  Gowfers'  tract  are  continued 
up  to  the  corpora  quadrigemina  {npino-teclal  tract).  Others  pass  into  the 
tegmentum  of  the  crus  cerebri,  where  they  can  be  traced  as  far  as  the  lower 
part  of  the  thalamus  {spino-thalnmic  tract). 

The  fibres  of  Gowers'  tract  take  origin  from  the  cells  of  Clarke's  column, 
of  the  same  side  of  the  cord,  especially  from  its  lower  part.  This  is  the  case 
at  least  with  the  cerebellar  fibres.  But  the  tectal  and  thalamic  fibres  probably 
arise  from  cells  situated  in  the  middle  and  dorsal  parts  of  the  grey  matter, 
partly  on  the  same  but  chiefly  on  the  opposite  side  of  the  cord. 

3.  Tract  of  Liitnaner. — Lastly,  there  is  another  small  tract  of  fibres 
which  undergoes  degeneration  above  the  point  of  section  of  the  cord.  This 
is  the  marginal  bundle  of  Lissauer  (marked  m  in  fig.  584).  It  is  formed 
by  fine  fibres  from  the  posterior  roots.  Many  of  these  fibres  are  non- 
medullated.  Tliey  are  said  to  be  derived  from  the  small,  darkly  staining 
cells  of  the  spinal  ganglia  (p.  171). 

Othei-  portions  of  the  ventro-lateral  columns  near  the  grey  matter  which 
are  differentiated  by  the  method  of  Flechsig  are  probably  short  tracts  uniting 
adjacent  portions  of  the  grey  matter  of  the  cord. 

Proprio-spinal  or  endogenous  fibres  of  the  ventro-lateral  column. — 
Sherrington  has  shown  that  in  the  dog  the  lateral  column  in  the  thoracic 
region  of  the  cord  contains  a  certain  numbei'  of  long  fibres  which  take  origin 
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in  the  cervical,  thoracic  and  upper  lumbar  segments  and  are  traceable  down 

to  the  lumbo-sacral  enlargement.     These  must  serve  to  convey  excito-refiex 

impulses  from  the  upper  to  the  lower  parts  of  the  body.     Probably  similar 

I. 


111. 


VII. 


VIII. 


Fir:. 


591.— Diagram   of  section.s  or  this  spin'al  cokd   of  the   monkey   Kiro\vrK(i 

THE     POSITION     OF     DEIJENERATED     TRACTS     OF     NERVE-FIBRES     .iFTER     SPECIFIC 
LESIONS    OF    THE    CURD    ITSELF,     OB     OF     AFFERENT     NERVE-BOOTS     OB     OF     TIEK 

MOTOR  REGION  OF  THE  CEREBRAL  COBTEX.      The  degenerations  are  shown  by 
the  method  of  Marchi.     The  left  side  of  the  cord  is  at  the  reader's  left  hand. 

I.  Degenerationa  resulting  from  extirpation  of  the  motor  area  of  the  corte.\  of  the  left  cerebral 

hemisphere.    Tn  man  there  would  he  some  degenerated  fibres  in  the  left  \'eiitral  column  also, 
close  to  the  ventral  fissure. 

II.  Degenerations  produced  by  section  of  the  dorsal  longitudinal  bundles  in  the  upper  pari  of 

the  medulla  oblongata. 
HI,  and  IV.  Eesult  of  section  of  dorsal  roots  of  the  first,  second,  and  third  lumbar  nerves  on 

the  right  side.     Section  III.  is  from  the  segment  of  cord  between  the  last  thoracit;  and  first 

lumbar  roots ;  Section  1\'.  from  the  same  cord  in  the  cervical  region., 
V.  to  Vni.  Degenerations  resulting  from  (right)  lateral  section  of  the  cord  in  the  upper  thoracic  region. 

V.  is  taken  a  short  distance  above  the  level  of  section  ;  VI. ,  higher  up  the  cord  (cervical  region) ; 

VII.,  a  little  below  the  level  of  section ;  VIII.,  lumbar  region. 
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fibres  arise  all  along  the  cord  from  the  cells  of  the  lateral  column  and  pass 
upwards  as  well  as  downwards. 

A  tract  of  endogenous  fibres  has  been  observed  in  man  close  to  the 
'  ventral  median  fissure  lying  amongst  the  fibres  of  the  direct  pyramid  tract. 
This  is  known  a*  the  ventral  nulco-ma/rgincd  tract  of  Marie. 

The  ventro-lateral  column  contains  also  many  endogenous  fibres,  both 
ascending  and  descending,  derived  from  cells  in  the  grey  matter  of  the  cord, 
which  have  only  a  short  course,  serving  to  connect  adjacent  segments. 

GROUPS   OF   CELLS   IN   GREY   MATIER   OF   CORD. 

The  nerve -cells  which  are  scattered  through  the  grey  matter  are  in  part 
disposed  in  definite  groups.  Thus  there  ai'e  several  groups  of  large  multi- 
polar nerve-cells  in  the  ventral  horn  in  the  cervical  and  lumbar  enlargements 
(fig.  584),  although  in  other  regions  of  the  cord  the  number  of  groups  in  this 
situation  is  reduced  to  two,  a  mesial  and  a  lateral.  The  larger  groups  in 
the  enlargements  correspond  with  segments  of  the  limb  (Van  Gehuchten) ; 
thus  there  appear  to  be  groups  associated  with  foot,  leg,  and  thigh,  and  with 
hand,  arm,  and  shoulder  movements  respectively.  The  groups  from  which 
the  motor  nerves  to  the  shoulder  and  arm  muscles  arise,  appear  in  somewhat 
higher  segments  of  the  cervical  cord  than  those  belonging  to  the  hand 
muscles.  The  same  holds  good,  mutatis  mutandis,  for  the  lumbar  cord 
in  relation  to  the  leg  and  foot.  Further,  the  larger  groups  show  sub- 
divisions which  may  be  related  to  particular  movements,  i.e.,  to  particular 
groups  of  muscles.  In  the  case  of  the  diaphragm  there  is  a  special  cell-group 
or  cell-column  in  the  ventral  horn  of  the  cervical  cord  from  which  the 
fibres  of  the  phrenic  nerve  arise,  'so  that  in  this  case  a  cell-group  is  set  apart 
for  a  special  muscle. 

The  axis-cylinder  processes  of  the  ventral  horn  cells  mostly  pass  out 
into  the  corresponding  ventral  nerve-roots  (fig.  589,  m),  but  a  few  send 
their  axons  to  the  ventral  column  of  the  opposite  side  through  the  white 
commissure  or  to  the  ventral  or  lateral  column  of  the  same  side.  It  is 
noteworthy  that  in  birds  a  few  cells  of  the  ventral  horn  send  their  axons 
into  the  dorsal  roots.  A  well-marked  group  of  large  nerve-cells,  best  marked 
in  the  thoracic  region,  lies  at  the  base  of  the  dorsal  horn  {dorsal  nucleus  of 
Stilling,  Clarke's  column,  fig.  588,  d).  The  cells  of  Clarke's  column  send 
their  axis-cylinder  processes  into  the  dorsal  cerebellar  tract  (Mott).  If  this 
tract  be  cut  experimentally,  the  large  cells  of  Clarke's  column  on  the  same 
side  below  the  section  undergo  Nissl  degeneration  and  eventually  atrophy, 
but  the  degeneration  does  not  affect  all  these  cells  unless  the  tract  of 
Gowers  be  also  severed  (Ninian  Bruce).  There  are  in  addition  a  few  small 
cells  with  short  axons  in  Clarke's  column  which  do  not  give  rise  to  fibres 
of  either  of  these  long  tracts. 

Another  group  is  seen  on  the  outer  side  of  the  gi-ey  matter  lying  in  a 
projection  which  is  sometimes  known  as  the  lateral  horn  (lateral  cell-column, 
intermedio-lateral  column,  fig.  588,  i).     This  is  most  distinct  in  the  thoracic 
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region  as  far  up  as  the  second  thoracic  segment.     The  axons  from  its  cells 
for  the  most  part  leave  the  cord  along  with  the  ventral  roots,  and  probably 


Sikcrt 


Fig.  592. — Diagram  of  sections  of  human  spinal  cord  at  different 
LEVELS.     (Edinger.) 

The  names  refer  to  the  orip^in  of  the  corresponding;  nerve-roots.  The  relative  shape  and  size  of 
the  cord  and  gre^  matter,  the  relative  amounts  of  grey  and  white  matter,  and  the  size  and 
position  of  the  pnncipal  cell-groups  are  shown. 
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furnish  the  outgoing  visceral  and  vascular  fibres  (preganglionic  sympathetic 
fibres  of  Langley).  Another  group  {middle  cell-column)  lies  in  the  middle  of 
the  crescent  (fig.  584,  e).     Cells  are  very  numerous  in  the  dorsal  horn  but  are 

not  collected  into  definite  groups. 
Those  of  the  substantia  gelatinosa 
of  Rolando  send  their  nerve-fibre 
processes  partly  into  the  lateral, 
partly  into  the  dorsal  columns. 


The  cells  which  send  their  axons 
into  the  adjacent  parts  of  the  white 
(•olumns  but  not  into  any  special  tract 
are  sometimes  tei-med  the  "cells  of  the 
white  c-nlunms." 


Fio.  593. — From  longitudinat,  sw.'tiox 

OF  (,'ORD  OF  CHICK  EMBRYO,  SHOWIN(! 
ENTEBTNC  DORSAL  ROOT-FIBRES  AND 
•J'lIK  PASSAOR  OF  COLLATERALS  FROM 
THKM  INTO  THE  IIREY  MATTER.  ALSO 
THREE  CELLS  OF  THE  DORSAL  HORN 
SKNDINfJ  THEIR  AXONS  INTO  THE  WHITE 

MATTER.     (Cajal.) 

A,  entering  root-fibres ;  S,  dorsal  white  column  ; 
( >,  {^rey  matter ;  C,  T>,  E,  cells  of  dorsal  horn  ; 
B,  F,  G,  I,  arborisation  of  collaterals  in  p;rey 
matter. 


Fill.  594. — Arborisation  of  col- 
laterals FROM  THE  dorsal  ROOT- 
FIBRES  AROUND  CELLS  OF  THE  DORSAL 
HORN   OF  OREY   MATTER.      (Cajal.) 

A,  fibres  of  dorsal  colunni  derived  from  dorsal 
root ;  li,  collaterals  ;  O,  D,  nerve-cells  in  grey 
matter  surrounded  by  the  arborisations  of  the 
collaterals ;  E^  an  arborisation  shown  separately. 


CONNEXION   OF   THE   NERVE-R00T8    WITH   THE   SPINAL   COEH. 

The  ventral  (anterior)  roots  leave  the  ventral  horn  in  a  number  of  bundles. 
Most  of  their  fibres  are  directly  continued  from  the  nerve-cells  in  the  ventral 
and  lateral  horns  ;  according  to  Golgi  in  part  also  from  cells  in  the  dorsal 
horn.     The  cells,  from  which  the  ventral  root-fibres  arise,  are  surrounded  by 
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an  interlacement  of  ramified  nerve-endings,  which  are  derived  from  various 
sources,  especially  from  axons  of  cells  of  the  dorsal  horn,  fr.jm  collaterals  of 
the  dorsal  root-fibres  (see  below),  and  from  those  of  the  fibres  of  the  adjacent 
white  columns. 

The  fibres  of  the  dorml  {posterior)  roots  originate  in  the  ceUs  of  the  root 
ganglia  and  enter  the 
dorso-lateral    column 
(see   diagram,   fig. 
•589),  but  the  smallest 
fibres  pass  to  the 
marginal    bundle    of 
Lissauer,    and    some 
go  directly  into   the 
dorsal    horn.      On 
entering    the    spinal 
cord  the  fibr'es  bifur- 
cate  (fig.    593),   one 
branch    passing    up- 
wards,   the    other 
downwards.         Both 
from  the  main   fibre 
and  from  its  branches 
collateral  fibres  pass 
at  frequent  intervals 
into  the  grey  matter, 
and  end  in  ai'borisa- 
tions  of  fibrils  which 
envelop    the     nerve- 
cells     both     of     the 
dorsal  (fig.  594)  and 
of   the  ventral   horn 
(fig.    595),    and,    in 
the    thoracic  region, 
the  cells  of   Clarke'.s 
column  and  those 
of  the  intermedio- 
lateral         column. 
Many   of    the   main 
fibres  also  ultimately 
end  in  a  similar  manner  in  the  grey  matter,  some  after  a  short  course  only, 
others  after  a  long  course.      But   a   considerable   number    of    fibres    pass 
upwar'ds  in  the  dorso-lateral  and  dorso-mesial  columns  (in  the  latter  especially 
those  of  the  lower  spinal  nerves),  until  they  arrive  at  the  medulla  oblongata, 
where  they  end  in  terminal  arboi'isations  around  the  cells  of  the  nucleus 
gracilis  and  nucleus  cuneatus  (fig.  589,  6,  7). 


Ftcj.  o95.— Collaterals  from  tttk   dorsal  coi-riMN  fierks 

I'ASSIN<}     INTO     THE     HRKV     M  ATTKIi  :      NFAV-BORN      MOrSl<^ 

(Cajal. )    Golgi  method. 

A,  ;i  bunch  of  collaterala. ending  ainongrst  the  cells  of  the  middle  cell 
column  ;  B,  ending"  of  collaterals,  a,  in  the  ventral  horn  :  a  few  side 
branches  of  these  collaterals,  h,  are  passing  to  the  middle  cell  column  ; 
( '.  collaterals  to  dorsal  horn  ;  c,  others  to  substance  of  Rolando, 
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LESSON   XLI. 
THE   MEDULLA  OBLONGATA. 

Sections  oi  the  medulla  oblongata  (made  in  the  wame  way  as  with  the  spinal  cord) ; 
(a)  at  the  le\'el  of  the  decussation  of  the  ]\yi'aniids,  (b)  jnst  aljove  the  decussation, 
(c)  opposite  the  middle  of  the  olivary  body,  and  (d)  either  through  the  uppermost 
part  of  the  olivary  body,  or  just  above  it. 


The  brain  consists  of  three  great  morphological  divisions  associated  with 


funir-ulns  ^^'i-acilis 
floi'sal  nicflian  fissure <iC 


(lesc.  root,  of  Vl.li 

bundle  from  fun.  ouii. 
subst.  ireXai.  Rol. 


tract  of  I'lechsifT 

l.iyratnid  lnHidles— t— 


/-^^^'^^JT- 


decussation  of 

pyramids 


-»  > 


ventral  ho  i       \_  .  . 


\ 


«A 


^ 


1       XI      1 ^w 


—      %     v'   "^^    J^ 


Ftc 


596.— Section  across  the  lower  part  of  the  siedt-lla  oblongata  in  the 
RECTON  OF  THE  LECFSSATioN  OF  THE  PYRAMIDS,     Magnified  6^  diameters. 


the  three  primary  cerebral  ve.sicles  of  the  embryo  ;  they  are  termed  respec- 
tively the  hhid-hrain,  mid-brain,  and  fore-brain. 

The  hind-brain  includes  the  parts  around  the  fourth  ventricle,  viz.  the 
medulla  oblongata  (myelencephalon),  and  the  pons  Varolii  with  the  cere- 
bellum (metencephalon) :  the  medulla  oblongata  and  pons  form  a  continuation 
of  the  spinal  cord  and  may  be  termed  the  spinal  bulb.  The  mid-brain  includes 
the  region  of  the  corpora  quadrigemina  (mesencephalon).      The  fore-brain 
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coinpi'i.ses  the  parts  immediately  above  tliat  regiim  and  ceiitiini;-  around  the 
third  ventricle  ;  its  lower  portion  inehidcs  iho  optic  thalaini  (thalam- 
encephalon),  its  np})er  portion  the  corpora  striata  and  cerebral  hemispheres 
(telencephalon). 

The  structure  of  the  medulla  oblongata  can  lirst  l)e  made  out  by  the 
study  of  a  series  of  sections  taken  from  b(^'l(t\v  u})ward.s,  and  by  tracing  in 
these  the  changes  A\'hich  occur  in  tlie  constituent  parts  of  the  spinal  cord, 
taking  note  at  the  same  time  of  any  parts  which  may  l)c  superadded. 


dor-sal  median  [i.s 
nucleus  ^^racilis- 
fuuiculuy  Lameatu.s- 
iiuulcus  L-uiieatus— 


rk'sc.  ri.)ot  of  511 

central  cana. — - 
substantia  Kolaudi — [- 

central  fibres  of  A'tl 

int.  arcuate  fibres 
tract  of  Flechsij;:"j^ 

tract  of  Gower 


raphe' 

aucessory  oli\".  nucl  

siliqua  oli\  a 
olivary  nucleu; 


'^^.^ 


p-^^" 


Fic 


aruuatt'  nuL^ltii 


-ShlTlIlN    TMil.N     nPlEhl  ATl-.J-'l"    .\I;(I\K    Till':    I  HOI  rss.\Ti( 

I'YKA.Miiis.      Maifiiilied  6i  diameters. 


A  section  through  the  rf;/i»n  nf  the  ileciissulvni  ,<f  the  pijnuuirh  (tig.  5'J6) 
has  much  the  same  form  as  -a  section  through  tlie  upper  part  of  the  spinal 
cord;  most  of  the  structures  of  the  cord  can  ))i'  recognised  in  it.  A 
considerable  alteration  of  the  grey  matter  is,  ho\ve\er,  proihiced  ))y  tlie 
XJa.ssage  of  the  large  bundles  of  the  crossed  pyramid  tract  from  tlie  lateral 
column  of  the  spinal  cord  on  each  side  through  the  base  of  the  ventral  horn 
and  across  the  ventral  median  fissure  to  the  opposite  \entral  column  of  the 
medulla  oblongata,  where,  together  with  the  fibres  of  the  direct  pyramid 
tract,  which  already  lies  in  the  ventral  column  of  tlie  cord,  they  constitute 
the  prominent  mass  of  white  fibres  which  is  seen  on  the  \entral  aspect  of 
28 
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the  medulla  oblongata,  on  each  side  of  the  middle  line,  known  as  the  pyramid. 

By  this  passage  of  fibres  through  the  grey 
matter  the  tip  of  the  ventral  h'ftrn  is  cut 
off  from  the  rest  and  is  pushed  to  the  side; 
part  of  it  appears  as  an  isolated  mass  or 
masses  of  grey  matter,  one  of  which  is 
known  as  the  lateral  nucleus. 


s,Ro. 

Medulla 
oblongata. 


In  sections  a  little  higher,  viz.,  just 
above  the  decussation  of  the  pyramids,  a 
wavy  band  of  grey  matter  makes  its 
appearance  on  the  lateral  aspect  of  each 
pyramid,  corresponding  with  a  promin- 
ence on  the  surface  which  is  known  as 
the  olive.  The  wavy  or  plicated  grey 
matter  is  termed  the  olivary  nucleus 
(figs.  597,  599,  600). 

The  pyramids  of  the  me4ulla  oblon- 
gata are  formed  of  fibres  which  originate 
in  the  frontal  region  of  the  cerebral 
cortex,  and  can  be  traced  from  the  axons 
of  the  large  cells  in  the  grey  matter  of 
that  cortex.  The  fibres  course  through 
the  white  matter  of  the  hemisphere, 
through  the  middle  third  or  more  of  the 
internal  capsule  and  crusta,  and  through 
the  pyramid  bundles  of  the  pon.s  Varolii 
into  these  structures  (pyramids)  of  the 
medulla  oblongata.  As  we  have  just 
seen,  they  pass  at  the  lower  limit  of  the 
bulb  chiefly  to  the  opposite  or  crossed 
lateral  column  of  the  cord,  but  partly  to 
the  lateral  column  of  the  same  side,  and, 
in  man  and  anthropoid  apes,  partly  to 
the  mesial  part  of  the  ventral  white 
column.  They  collectively  constitute  the 
tract  of  the  pyramid,  which  is  smaller 
in  the  medulla  oblongata  than  in  the 
.  m  the"  nucleus  graoUis^H..^.)     pons,  since  many  of  its  fibres  leave  the 

and  nucleus  cuneatus  (/i.e.)  of  the  medulla  .  i  -i  i 

oblongata;  s.So.,  substantia  Koiandi;  /,      mam   tract   whilst  withm  the  pons  and 

fibres  of  fillet  arisinff  in  nuclei  of  medulla  ,,  .  i  n      i. 

oblongata  and  crossmg  the  raphe  to  the      pass  across  the  middle  Ime  towards  the 

opposite  side ;  e,  efferent  nerve-fibres  from  ,  ,  i  .  i       , .         .  , 

motor  nuclei.  grey   matter   which    lies   in    the    dorso- 

lateral part  of  the  pons  and  medulla 
oblongata,  especially  in  that  portion  of  the  grey  matter  with  which  the 
sensory  fibres  of  the  cranial  nerves  are  connected.     Sometimes  such  a  bundle  * 


Fig.   598. — Diagram    to  show  the 

COUKSB      or      THEJ    DOKSAL     ROOT- 
riBBES  AFTBE  ENTERING  THE  CORD. 

u,  afferent  fibres  before  entering  ganglion ; 
g.8.,  spinal  ganglion-cells  ;  g.V.,  ganglion  of 
fifth  nerve ;  c,  descending  branches  (forming 
comma  tract)  giving  off  collaterals  to  grey 
matter.  The  ascending  branches  are  shown 
partly  ending  in  grey  matter  of  dorsal 
horn,  partly  in  " 
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of  fibres,  after  passiiiL;-  towai'ils  tlie  sensory  nuclei  in  the  latei-al  pari  of 
the  medulla  oliloiigata,,  dorx  imt  ciid  in  them,  but  a.^ain  c-.jmcs  \eiitral wards 
and  joins  the  main  or  ceutial  part  of  tlie  pyramid  ti-act  near  its  deeussation 
(hinidJe  of  P'n-k). 

\i  is  ni.t  H  little  n'iii;irl<;ilili>  t,li;il  altlKiiiu'li  tin'  liliivs  nf  l.lic  trad  (.f  tin'  pvrainiil 
trivr  ott'  iiuiiici'ciiis  ci.llatrrals  to  tlii'  u-rcy  matter  nf  llic  ,'oivlir;d  rortex,  tlir  hasal 
U'aiiglia  of  tlir  reivbniin,  the  siilistniitia  nij;rii  of  tlir  iiiid-lirain,  tlir  iniclei  of  tlic 
pons  and  tlie  1ms(.'  iif  the  d.nsal  lioni  ef  tlir  s|iiiril  rord,  m.  cnllatrials  are  srrii  to 
leave  them  in  their  cuinsr  tln'uui;-li  tlir  |iyjaiiiids  ..f  tlir  iiird\illM,  oMi.iinata,  rNrr|it 
a   \eiy   few   to   tlir   oli^■ary    iiiirlri.      \'arions  olisrr\ris  ha\i'  profrssrd   to  dcsi'i'ilie 


filiiieulus  rntiratus 
nnr-le>i^  I'nneatns 


fasciculus  solilarius 
dorsal  nucleus  of  Xt  I 
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Fk;.   599. — JSki'tjon   .\ci;oss  tiih;   Mi-airLLA   iH;i,oMrvr\   ,\'i'  thk  lajixT  or  thi^ 
r'ALAiii's  soKirToKifs  or  THE  loriiTii  vr.M'urejai.    Magnified  6^ 'liaiiieters. 


collaterals  and  teriuinations  of  the  jiyramid  lihres  as  jiassiiig  to  tin' motor  nuclei 
of  the  cranial  ner\'es  as  well  as  to  the  iiintor  cells  in  the  A-entral  horn  of  the  spinal 
cord,  hut  statements  to  this  ettect  must  lie  i'rcei\'ed  with  caution,  for  although 
ofirrent  in  most  text-books,  they  ha\"e  not  lieeii  sulistantiatf'd  by  acrniiate  rilisriAa- 
tions.  It  is  certain  that  most  if  not  all  of  the  filires  of  the  ]iyraniid  tract  end 
not  ill   the  \'eiitral   but  in   tlic^  dorsal   part  of  the  spinal    'j^\fy  matter, 

Tn  consequence  of  the  increased  development  of  the  dorsal  columns  of 
white  matter,  a  change  also  occurs  in  the  grey  matter  of  tiie  dorsal  horns, 
which  in  the  medulla  oblongata  are  pushed  towards  the  side,  the  \^  whieli 
they  form  with  one  another  being  thus  opened  out  ;  at  the  same  time  the  tip 
of  each  horn  becomes  cidarged  and  causes  a  prominence  upon  the  surface 
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of  bbo  iriedulla  ul)lon^ata,  which  is  known  as  the  (nhereJe  of  Rolandv.  Below, 
this  is  continuous  with  the  substantia  Rolandi  of  the  apex  of  the  dorsal  horn 
of  the  cord.  Above,  its  grey  matter  is  prolonged  into  the  sensory  nucleus  of 
the  fifth  nerve.  On  its  outer  side  and  partly  embracing  it  is  a  bundle  of  fibres 
seen  in  every  section  of  the  medulla  oblongata,  and  traceable  up  to  the  pons 
A^arolii.  This  is  the  inferior  or  chscendiuy  root  of  the  fifth  nerve — formerly 
known    as    the    ''ascending"  root.      Its   fibres  extend    down   as  far   as   the 


•  lesi',  \cstihuhu'  fihrcs        ■*'*'**' 

dorsal  nucl.  of  Xth 

fasciculua  .solit. 

restiforni  body 

nucl.  of  Xllth 

^ulist.  ^^■■elii.t. 

desi.-.  root  of  A'tii 

sultyt.  s^-'elat 

int.  ar(_'.  lil 
and  unci,  aiiih. 

isisniii'T  tilires  of 
Xtli 


itesuiiitr  lilires;  of 

xnth 


,     dort-al  loi!!,'. 
«         ^k  I     bundle 

J  \ f ventral  lonjr. 

/-V  ^*"      .  t.  bundle 


-A 


olivary  nueleus 
e\t.  arcuate  libres 


^-^  • 


-  fillet 


f  > 


7C 


Fi. 
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upper  cerviral  region  of  the  spiiiiil  eord.  Oiey  matter  also  soon  beeonies 
formed  within  tlie  upward  prolongations  of  the  gracile  funiculus  (dorso- 
mesial  column),  and  of  the  cuneate  funiculus  (dor.so-lateral  column),  appear- 
ing at  first  as  thin  stiands  in  the  middle  of  the  cfilumns  (fig.  596),  but  rapidly 
increasing  in  thickness  (fig.  OUT)  so  as  eventually  to  occupy  almost  the  whole  of 
them,  forming  the  iuir/eii,f  i/rni-ilis  and  the  ruirhms  riini-d.fKs  respectively. 

It  is  in  these  nuclei  that  the  fibres  of  GoH's  and  Burdach's  tracts, 
which  are  continued  up  from  the  dorsal  colunuis  of  the  spinal  cord,  find 
their  ultimate  ending  in  complicated  arborisations  amongst  the  cells  of 
the  nuclei.  These  nuclei  do  not,  however,  receive  all  the  ascending  branches 
of  the  dorsal   root-fibres,  for  a  considerable  number  of  these  have  already 
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disappeared  by  entering  the  grey  matter  of  the  cord,  in  which  they  also 
end  by  arborisation  amongst  the  cells.  The  cells  of  the  nucleus  gracilis 
and  nucleus  cuneatus  are  of  small  or  moderate  size  with  long  dendrons. 
Their  axons  pass  as  internal  arcuate  fibres  through  the  reticular  formation 
into  the  inter-olivary  layer,  cross  the  median  raphe  dorsal  to  the  pyramids 
(fig.  598,/),  and  then  turn  upwards,  constituting  the  tract  of  the  fillet.  This 
tract,  which  in  its  lowest  part  is  thus  formed  by  the  nerve-fibres  which 
belong  to  the  second  relay  (second  neurones)  of  one  of  the  sensory  spinal 
paths,  is  reinforced  in  the  higher  regions  of  the  medulla  oblongata  and  in 
the  pons  by  fibres  derived  from  cells  of  the  sensory  nuclei  of  the  cranial  nerves. 
The  majority  of  its  fibres  end  in  the  lateral  nucleus  of  the  thalamus,  but 
some  pass  to  both  the  anterior  and  posterior  corpora  quadrigemina. 

According  to  Van  Gehuchten  the  fibres  of  the  fillet  which  are  derived  from  the 
nucleus  cuneatus  lie  dorsally  to  those  which  are  derived  from  the  nucleus  gracilis. 

The  continuation  of  the  central  canal  of  the  spinal  cord  is  still  seen  in 
the  lower  medulla  oblongata  (figs.  596,  597),  but  it  comes  nearer  to  the 
posterior  surface  and  eventually  opens  out  at  the  point  of  the  calamus 
^  scriptorius  of  the  fourth  ventricle  (fig.  599).  The  grey  matter  which  surrounds 
it  contains  two  well-marked  groups  of  nerve-cells ;  the  ventral  of  these  is  the 
lower  part  of  the  nucleus  of  the  hypoglossal  or  twelfth  nerve,  the  dorsal, 
with  smaller  cells,  that  of  the  vago-accessory  or  tenth  and  eleventh.  But 
most  of  the  grey  matter  of  the  crescent  becomes  broken  up,  by  the  passage  of 
bundles  of  nerve-fibres  through  it,  into  a  well-marked  reticular  formation. 
And  instead  of  the  comparatively  narrow  isthmus  which  joins  the  two  halves 
of  the  spinal  cord,  a  broad  raphe  now  makes  its  appearance ;  this  is  formed 
of  fibres  coursing  obliquely  and  ventro-dorsally,  together  with  some  grey 
matter  containing  nerve-cells. 

In  the  section  at  abend  the  middle  of  the  olive  (fig.  600),  it  will  be  seen 
that  a  marked  change  has  been  produced  in  the  form  of  the  medulla 
oblongata  and  the  arrangement  of  its  grey  matter,  by  the  opening  out  of 
the  central  canal  into  the  fourth  ventricle.  This  causes  the  grey  matter 
which  lower  down  surrounded  the  central  canal  to  be  spread  out  at  the 
floor  of  that  ventricle,  and  the  collections  of  nerve-cells  from  which  the 
hypoglossal  and  vagus  nerves  respectively  arise,  now,  therefore,  lie  in  a 
corresponding  situation  near  the  ventricular  floor.  At  this  level  the  outer 
small-celled  group  which  corresponds  with  the  nucleus  of  the  spinal  accessory 
in  the  lower  part  of  the  bulb  has  become  the  dorsal  nucleus  of  the  vagus  or 
tenth  nerve,  and  yet  higher  up  the  dorsal  nucleus  of  the  glosso-pharyngeal  or 
ninth  nerve.  The  nerve-bundles  of  the  roots  of  these  nerves  can  be  seen 
in  some  of  the  sections  (fig.  600)  coursing  through  the  thickness  of  the 
bulb  and  emerging,  those  of  the  hypoglossal  just  outside  the  pyramids,  those 
of  the  vagus  at  the  side  of  the  medulla  oblongata. 

The  dorsal  part  of  the  section  is  chiefly  occupied  by  the  grey 
matter    of    the   floor   of    the   fourth-  ventricle,    and    by   fibres   which   are 
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passing  obliquely  upwards  and  outwards  towards  the  cerebellum,  forming 
its  inferior  peduncle  {restiform  body).  The  grey  matter  forming  the  nucleus 
of  the  funiculus  gracilis  and  of  the  funiculus  cuneatus  has  now  almost 
disappeared,  but  in  place  of  these  nuclei  and  near  the  outer  part  of  the 
floor  of  the  fourth  ventricle  are  seen  some  masses  of  grey  matter  with  a 
number  of  bundles  of  nerve-fibres  amongst  them.  The  grey  matter  is  the 
lower  part  of  the  principal  nucleus  of  the  vestibular  nerve  (see  p.  445),  and 
the  white  bundles  are  formed  of  descending  branches  of  the  fibres  of  that 
nerve.  Below  these  structures  is  the  descending  root  of  the  fifth,  with 
its  nucleus  mesial  to  it. 

The  ventral  part  of  the  section  is  occupied  by  the  pyramid,  and  dorsal 
to  this  by  a  reticular  formation  [reticularis  alba),  composed  of  longitudinally 
coursing  bundles  of  fibres  belonging  to  the  tract  of  the  fillet  and  to  the 
dorsal  and  ventral  lo)igitiidinal  bundles,  interlaced  with  internal  arcuate  fibres 
that  are  passing  across  the  raphe  from  the  nuclei  of  the  contralateral  dorsal 
columns  into  the  fillet,  and  from  the  opposite  olive  into  the  restiform  body. 

The  middle  portion  of  the  section  consists  for  the  most  part  of  a  similar 
reticular  formation,  but  with  more  grey  matter  and  nerve-cells  (reticularis 
yrlsea).  This  is  a  development  of  the  formatio  reticulaiis  of  the  cervical  ' 
cord,  and  the  longitudinally  coursing  white  bundles  in  it  are  probably 
formed  of  fibres  derived  from  cells  in  the  upper  part  of  the  cord.  The 
nerve-cells  of  the  grey  reticular  formation  in  the  medulla  oblongata  give 
origin  to  fibres  which  bifurcate  and  pass  both  upwards  to  the  same  formation 
in  the  pons,  and  downwards  towards  the  upper  part  of  the  cord,  probably 
serving  to  associate  these  parts.  Some  also  are  said  to  give  origin  to  arcuate 
fibres,  which  either  traverse  the  raphe,  or  remain  on  the  same  side  and  eventu- 
ally enter  the  cerebellum  through  the  inferior  peduncle  (Van  Gehuchten). 

Ventro-laterally  is  the  olive,  within  which  is  developed  a  peculiar  wavy 
lamina  of  grey  matter  containing  a  large  number  of  nerve-cells ;  this  is  the 
dentate  nucleus  of  the  olive.  The  lamina  is  incomplete  at  its  mesial  aspect 
(hilus  olivm),  and  here  a  large  number  of  fibres  issue,  and,  passing  through 
the  raphe,  course  as  internal  arcuate  fibres  to  the  opposite  restiform  body, 
and  thus  to  the  cerebellum.  Some,  however,  turn  sharply  round  and  course 
below  the  dentate  nucleus,  forming  an  investment  and  capsule  to  it  {siliqua 
olivce),  and  pass  towards  the  restiform  body  of  the  same  side :  the  main  con- 
nexion of  the  olivary  nucleus  is,  however,  with  the  cerebellar  hemisphere  of  the 
opposite  side.  The  olives  receive  numerous  collaterals  from  the  neighbouring 
white  columns,  including  a  few  from  the  pyramids.  Dorsal,  or  dorso-lateral 
to  the  olive,  is  the  continuation  upwards  of  the  ventral  spina -cerrbeJlar  bundle 
(tract  of  (jJowers)  of  the  spinal  cord;  the  continuati(m  of  the  dorsal  spino- 
cerebellar bundle  (tract  of  Fleehsig),  just  above  it,  is  now  passing  into  the 
restiform  body.  Lastly  a  tract  of  fibres  which  originate  within  the  thalamus 
passes  over  the  lateral  surface  of  the  nucleus  olivse  and  ends  within  its  grey 
matter  (thalamo-olivary  tract,  central  tegmental  tract  of  Bechterew). 

The  cells  of  the  dentate  nucleus  have  numerous  dendrons  :  their  axons  all 
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pass  towards  the  hilus,  whence  they  emerge,  and,  for  the  most  part,  cross 
the  raphe,  pierce  the  opposite  olivary  nucleus,  and  pass,  as  already  mentioned, 
into  the  restiform  body  {olivo-cerebellar  tract). 

Nerves  arising  from  the  medulla  oblongata. — The  twelfth,  eleventh, 
tenth,  ninth,  and  eighth  nerves  all  take  origin  in  the  medulla  oblongata,  and 
their  fibres  may  be  seen  emerging  on  each  side,  those  of  the  twelfth 
ventrally  between  the  pyramid  and  olive,  and  those  of  the  other  three  nerves 

A  B 


Fife.  601. — Diagrams  illustrating  the  origin  and  relations  of  the 

BOOT-FIBRES    OF   THE   CRANIAL    NERVES. 

A,  efferent  fibres  only  :  profile  view. 

B,  shows  on  the  left  the  motor  nuclei  and  efferent  fibres  (except  those  of  the  fourth  nerve),  and 

on  the  right  side  the  afferent  fibres :  view  from  the  dorsal  aspect.    The  parts  are  supposed  to 
be  transparent. 

in  succession   at  the  side  of  the  medulla  oblongata  between  the  olive  and 
restiform  body. 

The  twelfth  or  hypoglossal  nerve  arises  from  a  nucleus  of  large  cells, 
similar  to  those  of  the  ventral  horn  of  the  cord.  This  nucleus  is  situated  : 
—in  the  lower  part  of  the  bulb,  ventro-lateral  to  the  central  canal  (fig.  597) ; 
in  the  upper  part,  near  the  floor  of  the  fourth  ventricle,  close  to  the  middle 
line  (figs.  599,  600).  None  of  the  fibres  cross  to  the  opposite  side  ;  accord- 
ing to  Van  Gehuchten,  this  is  true  of  all  the  cranial  nerves,  except 
a  few  fibres  of  the  third  nerve  and  the  whole  of  the  fourth  nerve.  The 
hypoglossal  nucleus  extends  throughout  the  lower  two-thirds  of  the  bulb 


440  THE  ESSENTIALS   OF  HISTOLOGY 

(fig.  601,  nXII.).  It  receives  many  collaterals  from  adjacent  sensory  tracts 
in  the  reticular  formation  and  from  the  descending  sensory  nuclei  of  the 
fifth,  ninth,  and  tenth  nerves,  as  well  as  from  the  dorsal  longitudinal 
bundle.  These  form  within  the  nucleus  a  plexus  of  fine  fibrils  which  is 
highly  characteristic.     A  similar  plexus  is  seen  in  the  oculo-motor  nucleus. 

Mesial  to  the  hypoglossal  nucleus,  in  the  open  part  of  the  medulla 
oblongata,  is  the  nucleus  of  the  fasciculus  teres,  a  column  of  moderate- 
sized  cells  which  extends  towards  the  lower  margin  of  the  pons  and  appears 
to  receive  fibres  from  the  cerebellum  (Edinger). 

The  eleventh  or  spinal  accessory  nerve  begins  to  take  origin  from  cells 
in  the  lateral  part  of  the  grey  matter  of  the  spinal  cord  as  low  down  as 
the  fifth  cervical  nerve.  Its  fibres  from  the  cord  (spinal  fibres)  are  those 
to  the  (voluntary)  sternomastoid  and  trapezius  muscles.  They  pass  from 
the  cells  of  origin  in  the  lateral  part  of  the  ventral  horn  (motor  nucleus)  at 
first  dofsalwards ;  they  then  take  a  sharp  bend  outwards  through  the  lateral 
column  to  emerge  at  the  side  of  the  cord  and  medulla  oblongata..  The 
fibres  which  join  the  vagus  (bulbar  fibres)  take  origin  in  a  nucleus  of  relatively 
small  cells  -which  lies  dorso-laterally  to  the  central  canal  of  the  medulla 
oblongata  and  behind  the  hypoglossal  nucleus.  This  nucleus  is  continuous 
above  with  the  corresponding  nucleus  of  the  vagus,  and  with  it  forms  the 
dorsal  vago-accessory  nucleus  (figs.  597,  599  to  601).  Below,  it  extends 
nearly  as  far  as  the  first  cervical  nerve ;  its  upper  part  (vagal  part)  is  in  the 
floor  of  the  fourth  ventricle  lateral  to  the  hypoglossal  nucleus,  and  reaches 
nearly  as  far  as  the  lower  border  of  the  pons.  Of  the  whole  nucleus  about 
the  lower  two  thirds,  i.e.  as  far  as  the  lower  end  of  the  calamus  scriptorius, 
give  origin  to  fibres  of  the  accessory.  These  fibres,  as  already  stated,  join 
the  vagus,  to  which  they  supply  certain  motor  fibres,  including  those  of  the 
thyro-arytenoid  muscle  (Van  Gehuchten).  The  twelfth  and  eleventh  nerves 
are  entirely  efferent. 

The  tenth  or  vagus  nerve  (pneumogastric)  contains  both  motor  (efferent) 
and  sensory  (afferent)  fibres.  The  efferent  fibres  arise  (1)  from  the  upper 
part  of  the  dorsal  vago-accessory  nucleus  just  described,  (2)  from  a  nucleus 
of  grey  matter  containing  large  cells  situated  in  the  reticular  formation 
(figs.  600,  602,  n.amh.).  This  nucleus  begins  near  the  lower  limit  of  the 
bulb  and  extends  nearly  to  the  facial  nucleus,  which  it  resembles  in  general 
position ;  it  is  known  as  the  nucleus  ambiguus  or  ventral  nucleus  of  the  tenth 
nerve.  The  axons  of  its  cells  are  directed  at  first  dorsalwards  and  inwards 
and  then  turn  sharply  round  in  the  lateral  direction  to  join  the  rest  of  the 
issuing  fibres  of  the  nerve,  coursing  in  the  same  manner  as  the  spinal  fibres 
of  the  accessory ;  indeed,  this  nucleus  is  continuous  below  with  the  column 
of  cells  from  which  those  fibres  take  origin. 

The  sensory  fibres  of  the  vagus  take  origin  in  the  ganglion  oj  the  root  and 
the  ganglion  of  the  trunk  {jugular  and  plexiform  ganglia),  from  unipolar  cells 
like  those  of  the  spinal  ganglia  (fig.  602,  g).  They  enter  the  medulla 
oblongata,  and  then  bifurcate,  one  branch,  a  short  (ascending)  one,  passing 
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at  once  into  an  upper  sensory  nucleus,  the  other,  a  long  one,  descending.  The 
upper  sensory  nucleus  {principal  nucleus),  in  which  the  short  branches  from 
the  sensory  root  end,  lies  in  grey  matter  near  the  floor  of  the  ventricle, 
and  is  continuous  with  the  grey  matter  which  accompanies  the  fascicuhis 
solitarius. (figs.  599,  600,  602).  This  is  formed  by  the  descending  fibres,  with 
similar  fibres  of  the  twelfth  and  those  of  the  pars  intermedia  of  the  seventh, 
and  is  to  be  regarded  as  the  descendi7ig  root  of  facial,  vagus,  and  glossopharyn- 
geal. It  is  traceable  to  the  lower  limit  of  the  medulla  oblongata;  the 
fibres  end  in  a  nucleus  of  grey  matter  which  lies  along  the  mesial  border  of 
the  root  {descending  nucleus  of  facial,  vagus,  and  glossopharyngeal).  This 
nucleus  approaches  the 
middle  line  as  it  de- 
scends, and  in  some 
animals  terminates  by 
joining  its  fellow  of  the 
opposite  side  over  the 
central  canal  to  form 
the  commissural  nucleus 
of  Cajal. 

The  ninth  or  glos- 
sopharyngeal nerve  also 
contains  both  eiferent 
■  and  afferent  fibres.  The 
former  have  their  cells 
of  origin  in  a  special 
nucleus  {motor  nucleus 
of  glossopharyngeal) 
which  occupies  a  posi- 
tion similar  to  that  of 
the  nucleus  ambiguus, 
but  lying  mesial  to  the 
anterior  end  of  that 
nucleus,  and  just  below  the  nucleus  of  the  facial.  The  afferent  fibres  of  the 
nerve  arise  in  the  jugula/r  or  upper  and  in  the  petrosal  ganglia,  from  unipolar 
cells  like  those  of  the  spinal  ganglia.  Their  central  axons  enter  the  medulla 
oblongata,  and,  like  other  sensory  fibres,  divide  into  two  branches,  ascending 
and  descending.  The  course  of  these  is  like  those  of  the  vagus,  the  descending 
passing  down  in  the  fasciculus  solitarius  (extending  to  about  one-third  of 
its  length,  according  to  Bruce),  and  ending  by  arborising  in  the  grey  matter 
accompanying  it  {descending  root  and  its  nncleiis),  while-  the  ascending 
branches  pass  nearly  horizontally  backwards  and  inwards  to  a  nucleus 
{])rincipal  nucleus)  beneath  the  inferior  fovea  of  the  fourth  ventricle ;  this  is 
continuous  with  the  upper  end  of  the  nucleus  of  the  descending  root.  The 
arrangement  of  the  roots  is  almost  exactly  a  counterpart  of  that  of  the  vagus 
shown  in  the  diagram  given  in  fig.  602. 


Fig.  602. — Plan  of  the  okigin  of  the  twelfth  and 
tenth  nerves. 

pyr,  pyramid  ;  n.Xl].,  nucleus  of  hyijo^lossal ;  X//.,  fibre  of  hypo- 
/jlossal ;  d.n.X.XI.,  dorsal  nucleus  of  vagus  and  accessory; 
n.amb.y  nucleus  ambiguus ;  /..';.,  fasciculus  solitarius  (descend- 
ing root  of  vagus  and  glossopharyngeal) ;  f.s.n..  its  nucleus ; 
A'.,  emerging  motor  fibres  of  vagus  ;  tii,  cell  in  ganglion  of  vagus 
gi\'ing  origin  to  a  sensory  fibre  ;  d.  I'.,  descending  root  of  fifth  ; 
r,  corpus  restifonne. 
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Accoiiliiig  tn  Ediugei-  the  sciisorv  iiinlei  of  these  nerves  receive  fibres  from  the 
eerebelhnii  ;  ooiistitutinK  a  cereheUo-htdUar  tract,  which  is  much  liettei'  mai-ked  in 


l.iwer  M-rtelinites  tliaii  in  man  a]i(l  mammals. 
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■ITDN    K^V    MKliUlJ.A    OBLOXOATA    AT    THK    LKN'Kl 

NKRVK.      Mac^niiiod  about  6  diameters. 


•  K    THl:;    EIi.lHTU 


//.('..  inii't  of  \-ewtibiil;ir  iuic1l-us  ;  n.  IX.,  jtart"^  <if  nut-leus  of  nintli  nei-\  i-  ;  /',  lUK'leiis  of  Deiters  : 
i\  descending-  fibres  nf  \t;stiliular  ner\f.- ;  J'.s.,  fasciculus  solilarius;  ?i,>-,,  small  nucleus  in 
i-estiforni ;  )■,  restifoi-ni  bo<ty  ;  IX.,  fibies  <.>!'  ninth  nei've  ;  n.rt.,  nucleus  ambi^uus  ;  r\.V., 
sensory  nucleus  of  fifth  nev\e ;  I'.i/.,  descending  root  of  fifth;  n.c,  part  of  dorsal  eochleai' 
nucleus;  I'lII.c,  cochlear  division  of  eighth  nerve;  r.n.c,  Aentral  cochlear  nucleus;  u.l., 
lateral  nni.'leus ;  u,  oli\'ary  nucleus ;  n.ar.,  imcleus  of  arciforni  fibres  ;  -pif'  pyramid  ;  n.g.,  grey 
mutter  in  floor  of  fourtli  \  entricle  ;  ii.XI I ..  nucleus  of  twelfth  ;  VIJ I',  khw-^  of  cochlear  ner\'e 
entei-ing:  raphe  ;  p.L,  drj|-sal  lonudtudiiial  bundle  ;  ro.,  raphe  ;  a.L,  A-enti'al  luntritudiiial  biuidle  ; 
a.o.,  acr'ess<ir\  tili\ary  nneleus  ;  li.n.,  fibi'f^  issuing;"  from  the  liilus  of  the  oli\  e  ;  f,  fiVires  of  fillet. 

A  section  taken  lliromfli  ///f  ujfperninFit  jtart  of  the  rJicari/  prominence 
will  still  show  \'erv  much  the  same  form  and  structural  arrangements 
as  that  just  described  (tig.  603).  The  ntideiis  of  the  hi/poylossal  (figs. 
603,    604,    ii.Xll.)   is   still    visible   ia    the   grey   matter  of   the  floor  of  the 
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ventricle  near  the  middle  line,  but  the  nerve  which  is  now  seen  connected 
with  the  lateral  part  is  the  eighth  or  auditor tj  ( VIIL),  the  bundles  of  which,  as 
they  enter  the  bulb,  embrace  the  inferior  peduncle  of  the  cerebellum  {coriius 
restiforme,  c.r.),  which  is  now  passing  into  that  organ.  The  origin  of  the 
eighth  nerve  is  thus  subdivided  into  two  principal  parts,  known  respectively 
as  the  dorsal  or  cochlear  and  the  ventral  or  vestihiilar  divisions  (fig.  604). 

The  eightli  nerve. — The  fibres  of  the  cochlear  division  take  origin  in  the 
ganglion  of  the  cochlea ;  those  of  the  vestibular  division  in  the  ganglion  of 
Scarpa.  These  ganglia,  which  are  situated  at  the  periphery,  the  former 
within,   the    latter 

near   the    internal  ji.WZfp 

ear,  are  composed 
of  bipolar  cells,  of 
which  the  peri- 
pheral axons  end 
by  ramifying 
amongst  the  cells 
of  the  sensory 
epithelium,  and 
the  central  axons 
form  the  cochlear 
and  the  vestibular 
divisions  of  the 
auditory  nerve 
and  pass  into  the 
medulla  oblongata 
in  the  manner  here 
described. 

The  fibres  of 
the  dorsal  or 
cochlear  division 
(cochlear  nerve) 
bifurcate  as  they 
enter  the  medulla 

oblongata.  Each  fibre  divides  into  a  thick  and  a  thin  branch, 
thicker  branches  pass  partly  to  a  mass  of  ganglion-cells  which  is  wedged 
in  between  the  two  roots  and  the  restiform  body,  and  is  known  as  the 
ventral  or  accessory  auditory  nucleus  (figs.  604,  605,  n.acc),  applying 
themselves  with  a  peculiar  form  of  terminal  arborisation  (fig.  221)  to  the 
cells  of  this  nucleus;  partly  over  the  restiform  body  to  terminate  in  a 
prominent  mass  of  grey  matter  which  overlies  that  body,  and  also  extends  to 
the  lateral  part  of  the.  floor  of  the  fourth  ventricle  at  its  widest  part  {dorso- 
lateral  nucleus,  tuherculnm  acnsticam).  The  cells  of  the  tubercle  have  a 
pecuhar  spindle  shape  and  are  set  vertically  to  the  surface.  They  begin  to 
appear  in  the  root  itself,  lying  amongst  the  fibres  of  the  nerve.     Here  they 


Fi( 


.    604.— Tr.\NSVKRSE    SBfiTION    OF    THE    I'PPUR    PART    OF   THE 

MEDULLA  OBLONGATA.  Four  times  the  natural  size. 
(Scliwalbe. ) 

pjTamid ;  o,  olivary  micleus ;  V,  descending:  root  of  tlie  filtli  nerve  ; 
VIII,  root  of  the' auditory  nerve,  formed  of  two  parts,  ffl,  cochlear, 
and  h,  vestibular,  which  enclose  the  restiform  body,  c.r. ;  n.TUlp, 
principal  nucleus  of  the  vestibular  division;  ■n.YIIIao,  ventral  or 
accessory  nucleus  of  the  cochlear  division ;  g,  dorso-lateral  nucleus  of 
the  cochlear  division;  n.f.t.,  nucleus  of  the  funiculus  teres;  n.XlT, 
nucleus  of  the  hypoglossal ;  ;■,  raphe  ;  /.)■.,  reticular  formation. 
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are  sometimes  spoken  of  as  forming  the  "  ganglion  of  the  root.''  The  thinner 
branches  of  the  bifurcated  cochlear  fibres  pass  downwards  for  a  certain 
distance  and  break  up  into  a  plexus  of  fine  fibrils. 

These  two  nuclei,  viz.,  the  accessory  nucleus  and  the  acoustic  tubercle, 
are  the  nuclei  of  ending  of  the  cochlear  fibres.  From  their  nerve-cells  new 
fibres  arise  which  continue  the  auditory  path  centrally  (see  fig.  605).  Those 
from  the  accessory  nucleus  enter  the  trapezium — which  consists  of  transverse 
.fibres  running  behind  the  pyramid  bundles  of  the  pons  Varolii — and  pass  in 
it  partly  to  the  superior  olive  and  trapezoid  nucleus  of  the  same  side  of  the 
pons,  but  mostly  to  the  corresponding  structures  of  the  opposite  side.  Some 
end  in  those  nuclei,  but  others  merely  traverse  them,  giving  off  numerous 


FIBRES  TO  NUCL.LEMNISCI 
&:C0RPORA  QUAORIGEMINA 


NERVE-ENOINGS 

IN  ORGAN  OF  CORTI 

Fig.  605. — Plau  of  the  course  and  connexions  of  the  riBRES  forming  the 

COCHLEAR   root   OF   THE   AUDITORY    NERVE. 

r,  1-estiform  body  ;  I',  descending  root  of  the  fifth  nerve  ;  iub.ac.,  tuberculum  acusticum  ;  mace, 
accessory  nucleus;  s.o.,  superior  olive;  n.tr,,  nucleus  of  trapezium;  n.VI.,  nucleus  of  sixth 
nerve;  VI.,  issuing  root  fibre  of  sixth  nerve.  The  "  acoustic  strisB  "  are  seen  at  the  dorsal  part 
of  the  section. 

collaterals  to  them  and  to  the  superior  olives  and  other  nuclei  near  by  (see 
pons),  and  then  turn  upwards  in  the  lateral  part  of  the  tract  of  the  fillet 
to  pass  ultimately  towards  the  inferior  corpora  quadrigemina ;  in  tending 
towards  these  structures  at  the  side  of  the  mid-brain  they  form  the  lateral 
fillet,  ov  fillet  of  Reil,  which  is  there  conspicuous.  Some  of  the  fibres  from 
the  cells  of  the  accessory  nucleus  do  not  pass  directly  to  the  trapezium,  but 
first  curve  round  the  restiform  body  (Held) ;  these  form  the  most  dorsally 
situated  fibres  of  the  trapezium.  The  fibres  which  arise  in  the  acoustic 
tubercle  pass  for  the  most  part  over  the  floor  of  the  fourth  ventricle,  where 
they  are  seen  superficially  as  the  medullary  or  acoustic  stria;  (fig.  605),  and 
entering  the  raphe,  traverse  it  in  a  dorso-ventral  direction ;  they  then  join 
the  others  from  the  accessory  nucleus  in  their  course  to  the  superior  olive 
and  lateral  fillet  of  which  they  constitute  the  deeper  layer.  A  few  fibres 
are  directed  into  the  fillet  of  the  sam6  side  as  their  cells  of  origin. 
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Edinger  states  that,  at  least  in  the  dog,  all  the  fibres  of  the  trapezium 
end  in  its  nucleus  or  in  the  superior  olivary  nucleus,  the  central  acoustic 
path  being  wholly  continued,  so  far  .as  the  trapezium  fibres  are  concerned, 
by  fresh  neurones,  the  cell-bodies  of  which  lie  in  those  nuclei,  and  the  axons 
of  which  pass  into  the  lateral  fillet.  On  the  other  hand,  from  the  cells  in 
the  tuberculum  acustioum,  the  axons  are  said  to  be  continued  upwards  in 
the  opposite  lateral  fillet  without  the  intervention  of  any  corresponding 
nuclei.    The  lateral  fillets  pass  above  into  the  posterior  corpora  quadrigemina. 

The  accessory  nucleus  also  receives  fibres  from  the  trapezium,  which  end 
by  ramifying  amongst  its  cells.    These  are  perhaps  derived  from  the  accessory 
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-Pla>'  of  this  couksk  asd  connexions  of  the  fibres  formikg 
the  vestibular  root  of  the  auditory  nern'e. 


r,  restifoi-m  body  ;  V,  descendmg  root  of  fifth  nerve  ;  p.,  cells  of  principal  nudeiis  of  \estibular 
root ;  d,  fibres  of  descending  vestibular  root ;  n.i.,  a  cell  of  the  descending  vestibular  nucleus  ; 
D,  cells  of  nucleus  of  Deiters ;  B,  cells  of  nucleus  of  Bechterew ;  «.«.,  cells  of  nucleus  teoti 
(faatigii)  of  the  cerebellum ;  p.i.6:,  fibres  of  the  dorsal  longitudinal  bundle.  No  attempt  has 
been  made  in  this  diagram  to  represent  the  actual  positions  of  the  several  nuclei.  Thus  a 
large  part  of  Deiters'  nucleus  lies  dorsal  to  and  in  the  mmiediate  vicinity  of  the  restiform  body. 

nucleus  of  the  opposite  side.  Both  sets  of  fibres  (from  the  accessory  nucleus 
and  tuberculum)  give  off  collaterals  near  their  origin,  which  terminate  within 
these  nuclei. 

The  ventral  or  vestibular  division  (vestibular  nerve),  which  enters  a 
little  in  front  of  (above)  the  cochlear  division,  passes  between  the  restiform 
body  and  the  descending  root  of  the  fifth  (fig.  606),  to  enter  a  mass  of  grey 
matter  containing  for  the  most  part  cells  of  small  size,  which  is  termed  the 
principal  or  dorsal  nucleus  of  the  vestibular  division.  Here  each  of  its 
fibres  bifurcates  with  a  Y-shaped  division  into  an  ascending  and  descending 
branch  (fig.  606).  The  descending  branches  are  collected  into  small  bundles 
(descendimj  vestibular  root)  which  run  downwards  towards  the  lower  part 
of    the    medulla    oblongata,     and    gradually    end    by    arborising     around 
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cells  in  the  adjacent  grey  matter  {descending  vestibular  nvc/eus),  which  is 
continued  down  from  the  principal  nucleus.  The  ascending  branches  pass 
upwards  on  the  inner  side  of  the  restiform  body  towards  the  nucleus 
tecti  of  the  cerebellum.  In  their  course  they  give  oif  numerous  collaterals 
which  arborise  round  the  large  cells  of  two  nuclei  which  occur  in  this 
part  of  the  medulla  oblongata  and  pons  near  the  outer  part  of  the  floor  of 
the  fourth  ventricle.  These  two  nuclei  are  termed  respectively  the  nucleus 
of  Beiters  and  the  iiucleas  of  Bechterew  (fig.  606). 

\'an  Gehuchten  states  that  the  nuoleu.s  of  Bechterew  alone  leoeives  fibres  from 
the  ascending  branches  and  that  all  the  other  iniclei  (dorsal,  descending,  and 
nucleus  of  Deiters)  are  furnished  with  fibres  from  the  descending  branches. 

The  nucleus  of  Deiters  is  especially  characterised  by  the  large  size  of  its 
cells  and  by  the  maimer  in  which  they  are  enveloped  as  by  a  basket  work  by 
the  ramifiications  of  the  collaterals  in  question.  From  these  cells  fibres  arise 
which  pass  to  the  dorsal  (posterior)  longitudinal  bundles  of  both  sides:  in  these 
the  fibres  bifurcate  (Cajal),  one  branch  passing  upwards  to  the  oculomotor 
nucleus  and  giving  off  collaterals  to  the  nucleus  of  the  sixth  nerve,  and  the 
other  downwards,  eventually  reaching  the  ventral  column  of  the  spinal  cord 
(ventro-lateral  descending  tract),  and  terminating  by  arborisations  amongst 
the  cells  of  the  ventral  horn  (see  p.  424).  By  means  of  the  collateral  fibres 
which  supply  the  sixth  and  oculomotor  nuclei  it  is  probable  that  the  con- 
jugate movements  of  the  two  eyes  are  brought  about,  and  by  the  fibi'es  to  the 
spinal  cord  the  associated  movements  of  the  head  and  trunk.  Fibres  have 
also  been  described  as  passing  from  Deiters'  nucleus  to  the  nucleus  tecti  of 
the  cerebellum.  Owing  to  its  connexion  with  the  semicircular  canals,  the 
cerebellum,  the  oculomotor  nuclei,  and  the  nuclei  in  the  ventral  horn  of  the 
spinal  cord,  this  nucleus  must  exercise  important  functions  in  connexion 
with  co-ordination  of  head  and  eye  movements  and  equilibration  in  general. 

The  fibres  which  originate  in  the  nucleus  of  Bechterew  pass  into  the 
reticular  formation  and  become  longitudinal, ,  but  their  destination  is  not 
certainly  known.     Some  are  said  to  pass  into  the  ventral  column  of  the  cord. 

The  reticular  formation  still  occupies  the  greater  part  of  each  lateral  half 
of  the  bulb  between  the  gi-ey  matter  at  the  floor  of  the  foui-th  ventricle  and 
the  pyramids,  and  a  small  portion  of  the  olivary  nucleus  may  still  be  seen. 
The  descending  root  of  the  fifth  nerve  with  its  adjacent  grey  matter  is 
conspicuous. 

The  restiform  body  is  formed  (1)  of  the  fibres  of  the  dorsal  spinocerebellar 
tract  of  the  same  side,  which  are  derived  below  from  cells  of  Clarke's 
column,  and  pass  above  into  the  middle  lobe  of  the  cerebellum,  (2)  of  fibres 
from  the  opposite  olivary  nucleus,  and  (3)  of  fibres  from  the  olivary  nucleus 
of  the  same  side.  The  olivary  fibres  pass  mainly  to  the  cerebellar  hemisphere. 
According  to  some  authorities  the  restiform  body  also  contains  fibres  derived 
from  the  nucleus  gracilis  and  nucleus  cuneatus  of  the  opposite  side,  as  well 
as  some  from  a  nucleus  which  lies  just  outside  the  main  mass  of  grey  matter 
of  the  funiculus  cuneatus,  and  is  known  as  the  uiUer  cuneate  nucleus. 
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Fourth  ventricle. — The  jioor  is  covered  by  a  layer  of  ciliated  epi- 
thelium-cells, continuous  below  with  those  lining  the  L-entral  canal,  and 
above,  through  the  aqvieduct,  with  the  epithelium  of  the  third  and  lateral 
ventricles.  The  epithelium  rests  upon,  and  its  cells  assist,  in  forming,  a  layer 
of  neuroglial  tissue  known  as  the  ependyma  of  the  ventricle.  The  fourth 
ventricle  is  roofed  over  by  a  layer  of  pia  mater,  with  projecting  choroid 
plexuses ;  the  under  surface  of  these  is  covered  by  a  thin  epithelial  layer 
continuous  at  each  side  with  the  ciliated  epithelium  of  the  floor.  The  roof 
becomes  somewhat  thickened  as  it  is  continued  into  the  ependymal  layer  of 
the  floor  of  the  ventricle ;  this  thickened  part  (tmnia  or  ligula,  figs.  599,  600) 
is  often  left  attached  when  the  thin  epithelial  roof  is  removed  along  with  the 
pia  mater  which  coders  it. 
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LESSONS   XLII.   AND   XLIII. 

THE   PONS  VAROLII,   MESENCEPHALON,  AND 
THALAMENCEPHALON. 

1.  Sections  thi'ough  the  lower,  middle,  aiiduppei-  parts  of  the  pons  Varolii. 

2.  Sections  across  the  region  of  the  corpoia  quadrigemina,  one  at  the  level  of. 
the  inferior,  the  other  at  the  level  of  the  superior,  pair. 

3.  A  section  across  the  posterior  part  of  the  third -ventricle- passing  through 
the  thalami. 

In  all  the  above  sections  sketch  under  a  low  powei-  the  general  arrangement 
of  the  grey  and*  white  matter,  inserting  the  positions  of  the  chief  groups  of 
nerve-cells. 

[The  tissue  is  hardened  and  the  sections  aie  piepared,  stained,  and  mounted 
in  the  same  way  as  the  spinal  cord  and  medulla  oblongata.] 


THE   PONS   VAKOLII. 

Sections  through  the  lower  part  of  the  pons  (fig.  607)  show  much 
the  same  arrangement  of  grey  and  white  matter  as  that  met  with  at  the 
upper  part  of  the  medulla  oblongata,  but  the  general  appearance  of  the 
sections  is  much  modified  by  the  presence  of  a  large  number  of  transversely 
coursing  bundles  of  nerve-fibres,  most  if  not  all  of  which  are  passing  to 
the  hemispheres  of  the  cerebellum  (fibres  of  middle  peduncle  of  cerebellum). 
Some  of  the  most  anterior  of  these  peduncular  fibres  often  form  a  detached 
bundle  which  is  known  as  the  tmnia  pontis.  In  the  interstices  of  the  transverse 
bundles  is  a  considerable  amount  of  grey  matter  (iiMcJei  pontis)  from  the  cells 
of  which  the  fibres  of  the  middle  peduncle  of  the  opposite  side  are  derived. 
Amongst  the  cells  of  the  nuclei  pontis  many  collaterals  of  the  pyramid 
tracts  end,  and  the  cortico-pontine  fibres  (see  below)  also  terminate  here; 
in  this  way  is  formed  a  connexion  between  the  cerebral  hemisphere  of  the 
one  side  and  the  cerebellar  hemisphere  of  the  opposite  side.  The  con- 
tinuation of  the  pyramids  of  the  medulla  oblongata  in  the  pons  takes  the 
form  of  a  number  of  separate  bundles  (fig.  607,  ]jy.)  which  run  between 
the  transverse  bundles.  These  bundles  are  collectively  much  more  bulky 
than  the  pyramids  of  the  medulla  oblongata,  for,  in  addition  to  fibres  of  the 
pyramid  tract  proper  (cortico-njdiial),  deri\'ed  from  the  motor  area  of  the 
cortex,  they  are  largely  composed  (especially  the  dorso-lateral  bundles)  of  other 
fibres  (cortico-jMntiiie)  connecting  the  cortex  with  this  part  of  the  hind-brain. 
The  pyramid  bundles  are  separated  from  the  reticular  formation  by  deeper 
transverse  fibres,  which  belong  to  a  different  system  from  those  of  the  middle 
peduncle.  They  form  what  has  already  been  referred  to  as  the  trapezium 
(figs.  605,  607) ;  a  collection  of  fibres  which  forms  part  of  the  central  auditory 
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path;  Sdiiic  apijcar  to  bo  coiijiui,s,sural  Letwecii  tlic  auditory  nuclei  of 
the  two  sidfS.  Tho  tibi-es  of  tlic  trapcziuiii  traverse  a  eolleetioii  (jf  nerve- 
eells  whicli  lies  mesial  anil  ventral  to  tlie  superior  olivary  nucleus,  known 
as  the  nucleus  tf  thr  tra/ieziuni  (fig.  605,  n.tr.). 

This  nucleus  is  characterised  liy  the  |jecuUar  chalicedike  synapses  which  the 
entering  axons  of  tlie  larger  acoustic  Hlires  form  with  the  "cell-bodies  (Held). 
According  to  C'ajal  these  large  fibres  are  continued  directly  from  the  root-fibres 
of  the  cochlear  nerve,  and  are  not  derived  from  the  cells  of  it's  acees.sory  nucleus. 


Fn;.   (J07. — TitA^sVEKSE  sjoction  TUKoron  the  lowekmost  cakt  (je  the 
roNS.      l<'iom  a  photograph.      Magnified  4  cliameter.s. 

H.IV.,  fourth  \ent!'icle  ;  r.  wtiite  nuittcr  rjf  cei-elitHar  hemi.sijhere ;  c/.,  cni'rus  deiilatiini  ; 
rf.,  flocculus;  c.r.,  i.-orpus  j'fstifi»)-nH.' ;  Vi',  bundlt  of  lioller,  composed  of  tlie  de.^ctii'liTii,^ 
hranchesof  the  \cstibular  nerve  ;  I),  iiuileus  of  Deiters  ;  V I IL,  iysuinij^  root  of  auditory  jier\e  ; 
VIII. il.^  prinei]>al  or  tlorsal  nueieus  of  the  vestibular  nerve;  I'lll.i'.,  nuidcus  of  coehleai" 
ner\e ;  tr.,  tra))eziuni  ;  n.tr..  Its  nueieus;  .f,  fillet;  p.l.h.,  dorsal  lon^ritutliiial  bundle; 
f.r.,  forniatio  reticularis;  ",  "'.  '<■",  various  nuclei  within  it ;  I'.a.,  doscendiuL,^  root  of  fifth 
nen'e  ;  -s'.'/.  substanli.i  ^^clatiiios;!  ;  .y.r,.,  superioi-  oli\e;  I'll..  issviiiiLi-  root  of  facial  tier\c; 
tl.VII.,  its  nucleus;  VI.,  rooldjuudlcs  of  sistli  ncr;  e  ;  yo/..  p,\  ramid  buiirlles  ;  ii.p..  nuclei 
pontis. 

The  olivary  nucleus  is  no  longer  seen,  but  there  are  one  or  two  small 
collections  of  grey  matter,  inoi'O  conspicuims  in  some  animals  than  in  man, 
which  lie  in  the  ventral  part  of  the  reticular  formation,  known  as  the 
superio)'  (dlvn.ry  niii-liiiis  (".-s.),  the  iire-dlivriry  iiinieiis,  and  the  si'mil imai' 
nndeua  (Cajal).  All  these,  as  well  as  the  nucleus  of  the  trapezium  itself, 
are  connected  with  the  fibres  of  tlie  trapezium  which  form  the  central 
auditory  path ;  these  fibres  either  ending  in  the  nuclei  in  question  or 
giving  off  to  them  numerous  collaterals  ;  whilst  from  the  cells  of  the  luiclei 
axons  pass  into  the  trapezium  or  into  the  adjacent  lateral  part  of  the  fillet. 
29 
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On  the  other  hand,  the  superior  oUve  is  said  to  receive  some  fibres  from 
the  posterior  colliculi  of  the  corpora  quadrigemina.  The  7iucleus  of  Deiters, 
which  begins  to  appear  in  the  upper  part  of  the  medulla  oblongata,  where 
it  has  been  already  studied  (p.  446),  extends  into  the  pons  Varolii;  where  it 
lies  near  the  floor  of  the  fourth  ventricle,  a  little  mesial  to  the  restiform 
body  (B,  fig.  607).  The  nerve-fibres  connected  with  its  cells  pass  towards 
the  middle  line  and  enter  the  dorsal  longitudinal  bundle.  Here,  as  already 
stated,  they  divide,  one  branch  passing  upwards  in  the  bundle  and  termin- 
ating by  arborescence  chiefly  in  the  opposite  oculomotor  nucleus  :  the  other 
branch  extending  downwards  ijn  the  medulla  oblongata  and  cord.     In  the 

spinal  cord  they  are  found  in 
the  ventro-lateral  descending 
tract :  fibres  from  each  nucleus 
of  Deiters  occur  in  both  of 
these  tracts  (E.  H.  Fraser). 
They  terminate  by  arbores- 
cences  in  the  ventral  horn  of 
the  spinal  cord. 


/^//i 


i/entr/y 


Fig.  608.- 


-Plan   or  the  origin  of  the  sixth 

AND    SEVENTH   NERVES. 

F/.,  sixth  nerve;  VII.,  seventh  nerve;  a.VII.,  ascending 
part  of  root  of  seventh  shown  cut  across  near  the  floor 
of  the  fourth  ventricle ;  g,  genu  of  seventh  ;  n.  VI. , 
chief  nucleus  of  the  sixth  nerve;  n'.Vl.,  accessory 
nucleus  of  sixth;  n.VII.t  nucleus  of  seventh;  rf.F., 
descending  root  of  fifth;  pyr.,  pyramid  bundles; 
VIII.v.,  vestibular  root  of  eighth  nerve. 


The  nerves  which  enter  or 
emerge  from  the  grey  matter 
of  this  region  of  the  brain  are 
part  of  the  eighth,  the  seventh, 
the  sixth,  and  somewhat  higher 
up  the  Jifth  cranial  nerve.  Of 
these  the  eighth  (already  con- 
sidered) and  fifth  are  connected 
with  groups  of  nerve-cells 
which  occupy  the  grey  matter 
opposite  the  external  border 
of  the  floor  of  the  ventricle; 
the  sixth  with  a  nucleus  which 
is  placed  in  the  grey  matter  of  the  floor  of  the  ventricle  but  nearer  the 
middle  line,  and  the  seventh  with  a  special  nucleus  which  lies  in  the 
formatio  reticularis. 

The  Vllth  or  facial  nerve  and  the  nerve  of  Wrisberg  (pars  intermedia). 
■ — The  motor  fibres  of  the  seventh  nerve  arise  from  the  facial  nucleus  in  the 
formatio  reticularis.  This  nucleus  is  homologous  with  the  nucleus  ambiguus 
seen  in  sections  of  the  medulla  oblongata.  It  has  been  shown  that  the  motor 
fibres  to  the  stapedius  arise  from  the  mesial  part  of  the  nucleus  and  then  in 
succession  those  to  the  external  ear  muscles,  those  to  the  mouth  and  face 
muscles,  and,  finally,  from  a  group  of  cells  situated  dorsally  to  the  rest,  the 
motor  fibres  supplied  from  the  superior  branch  of  the  facial  (Marinesco,  Van 
Gehuchten).  From  the  nucleus  of  origin  the  fibres  first  pass  obliquely 
backwards  to  the  floor  of  the  ventricle,  then  longitudinally  upwards  for  a 
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short  distance  (tig.  601,  A  ;  tig.  608),  and  tiuall)'  bend  (ibliiiucly  fui'vvardK  and 
downwards  to  emerge  between  the  transverse  fibres  at  tiie  side  (jf  the  pons. 
None  of  the  fibres  of  the  seventh  are  derived  from  the  nucleus  of  the  sixth, 
as  has  sometimes  been  thought  to  be  the  case.  As  they  curve  over  that 
nucleus  the  fibres  of  the  seventh  give  off'  fine  branches  which  cross  the  raphe  ; 
their  destination  is  unknown.  The  nucleus  of  the  facial  receives  collaterals 
from  the  adjacent  sen.sory  tracts  in  the  formatiu  reticularis. 

The  facial  is  not  a  purely  motor  iier\e,  but  has  a  ganglion  upon  it  of  the 
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spinal  type  (ijvniciihili-  i/aiii// ijnt)  from  which  fibres  arise  (tig.  601,  B)  which 
pass  centrally  into  the  pars  intermedia  of  Wrisberg.  This  last  enters  the 
pons  between  the  seventh  and  eighth  ner\es,  and  its  fibres  bifurcate  into 
a.scending  and  descending  branches  like  other  sensory  nerves  ;  the  descend- 
ing branches  pass  into  the  solitary  bundle  and  end  like  tho.se  of  the  glosso- 
pharyngeal in  the  upjper  part  of  its  accompanying  grey  matter.  The 
peripheral  axons  of  the  cells  of  the  geniculate  ganglion  pass  into  the  large 
superficial  petrosal  and  chorda  tympani — to  which  they  probably  furnish 
gustatory  fibres.  Other  (efferent)  fibres  pass  into  the  pars  intermedia  and 
ultimately  into  the  chorda  tympjani   from   certain   moderately  large  cells  in 


45 : 


THE  ESSENTIALS   OF  HISTOLOGY 


the  dorsal  part  of  the  facial  nucleus.     These  are  probably  the  fibres  of  the 
chorda  to  the  submaxillary  and  sublingual  salivary  glands. 

The  sixth  nerve  (abducens). — The  fibres  of  the  sixth  nerve  (figs.  601, 
608),  which  are  purely  motor,  pass  out  from  the  mesial  aspect  of  the  nucleus 
and  turn  forwards  ;  traversing  the  pyramid  bundles  they  emerge  at  the 
lower  margin  of  the  pons.  A  few  fibres  are  derived  from  a  small  ventral 
nucleus  lying  near  the  nucleus  of  the  facial  ;  these  run  at  first  backwards 
and  then  turn  forwards  to  join  the  others  (Van  Gehuchten)  (fig.  608,  n'.  VI.). 
The  fifth  or  trigeminal  nerve  emerges  at  the  side  of  the  pons  in  two 

roots,  a  smaller  motor  and  a  larger 
sensory  (fig.  610). 

The  motor  root  is  derived 
partly  from  fibres  which  arise  in 
the  upper  part  of  the  pons  and 
lower  part  of  the  mesencephalon 
from  large  spherical  unipolar  nerve- 
cells  lying  at  the  side  of  the  grey 
matter  bounding  the  Sylvian  aque- 
duct (accessory  or  superior  motor 
nucleus  of  fifth,  fig.  601,  nVms; 
fig.  611,  m'.n.V.),  partly  from  the 
motor  nucleus  proper  (fig.s.  601, 
nVm;  611,  m.n.V.)  which  lies  in 
the  grey  matter  at  the  lateral  edge 
of  the  fourth  ventricle  (figs.  609, 
610).  As  they  pass  the  motor 
nucleus  proper  the  fibres  from  the 
superior  or  accessory  nucleus  give 
off  into  it  a  large  number  of 
collaterals  which  ramify  between 
and  around  its  cells. 

The  fibres  of  the  sensory  root 
are  derived  from  the  cells  of  the 
Gasserian  ganglion  which  are  homo- 
logous with  the  cells  of  the  spinal  ganglia.  These  fibres  of  the  sensory 
root  when  traced  into  the  pons  are  found  to  bifurcate^  the  ascending 
branches  ending  in  a  mass  of  grey  matter  {principal  sensory  nucleus  of  the 
fifth,  fig.  611,  p.s.n.V.)  lying  just  lateral  to  the  motor  nucleus,  while  the 
descending  branches  trend  downwards  into  the  medulla  oblongata  where 
they  form  the  descending  or  spinal  root  of  the  fifth  (fig.  611,  d.s.V.); 
some  even  reach  the  upper  part  of  the  spinal  cord.  They  lie  immediately 
lateral  to  and  in  close  connexion  with  the  substantia  gelatinosa  Rolandi 
which  forms  the  inferior  sensory  nucleus  (d.s.n.  V.) ;  it  is  continued  above 
into  the  principal  nucleus.  The  substa.ntia  gelatinosa  which  forms  the 
sensory  nucleus  of  the  fifth  contains  numerous  nerve-cells,  both  small  and 


Fig.  610. — Suction  taken  somewhat  ob- 
liquely THROUGH  THE  PONS  FOLLOWING 
THE  COURSE  OP  THE  ISSUING  KOOTS  OE  THE 
FIFTH    NERVE. 

m.s.,  median  sulcus;  I,  dorsal  longitudinal  bundle; 
s.f.,  substantia  f erruginea ;  n.v,  sensory,  and  n.v', 
motor  nucleus  of  fifth ;  V,  sensory,  and  F',  motor 
roots  of  fifth ;  r,  raphe ;  py,  pjTamid  bundles ;  p, 
transverse  fibres  of  middle  peduncle  of  cerebellum. 
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large ;  many  of  the  small  cells  are  grouped  into  nest-like  clusters  {islands  of 
Galleja).  The  axons  of  the  larger  cells  pass  for  the  most  part  across  the 
raphe  to  the  formatio  reticularis  of  the  opposite  side,  where  they  reinforce 
the  ascending  fibres  of  the  intermediate  fillet,  but  some  ascend  in  the  fillet 
of  the  same  side  ;  others  pass  to  a  special  ascending  bundle  of  fibres  on  the 
opposite  side  of  the  raphe  which  lies  nearer  the  floor  of  the  fourth  ventricle, 
and  in  the  tegmentum  of  the  mid-brain  lies  lateral  to  the  dorsal  longitudinal 
bundle ;  hence  it  is  continued  upwards  into  the  thalamus.  Collaterals  arc 
given  off  from  these 
ascending  fibres  to 
the  adjoining  grey 
matter,  and  especi- 
ally to  the  nucleus 
of  the  facial  nerve. 
Branches  also  pass 
downwards  into  the 
formatio  reticularis. 

Descending  tracts 
in  the  pons  and 
mcdulln  oblongata — 
Tract  of  the  pyra- 
mid.— The  fibres  of 
this  tract  are  much 
more  numerous  in 
the  pons  than  in  the 
medulla  oblongata. 
They  send  numerous 
collaterals  into  the 
grey  matter  of  the 
nuclei  pontis  (fig. 
612,  A). 

The  cortico-bulbar 
tract  lies  mesial  to 
the  fillet  (see  p.  457). 
It  consists  of  fibres 
passing  from  the 
motor  cortex  towards 

the  nuclei  of  the  facial  and  hypoglossal.  In  the  crusta  of  the  mid-brain 
these  fibres  lie  mesial  to  the  ordinary  pyramid  fibres,  but  they  then  leave 
the  latter  and  pass  into  the  ventral  part  of  the  tegmentum  and  are  continued 
downwards  in  the  formatio  reticularis  into  the  medulla  oblongata. 

The  dorsal  {posterior)  longitudinal  bundle  forms  another  very  distinct 
tract.  It  contains  both  ascending  and  descending  fibres  and  runs  just  ventral 
to  the  grey  matter  of  the  floor  of  the  fourth  ventricle,  near  the  middle  line. 
As  already  noticed  it  connects  Deiters'  nucleus  with  the  oculomotor  nucleus, 


Fio.  611.- 


Plan  (longitudinal)  or  the  omoin  of  the 

FIBRES    OF  THE   FIFTH   NERVE. 


Q,  GasiBerian  ganglion;  a,  b,  c,  thvee  divisions  of  the  nerve;  m'.n.F., 
.superior  motor  nucleus;  m.nX.,  principal  motor  nucleus;  p.s.n.V., 
principal  sensory  nucleus ;  ri.s.ji.  V.,  descending  sensory  nucleus ; 
d.e.V.,  descending  root;  c.V.,  d.V.,  central  sensory  tracts  composed 
of  fibrci  emanating  from  the  sensory  nuclei ;  r,  plane  of  the  raphe. 
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the  nucleus  of  the  sixth,  and  the  ventral  horn  cells  of  the  spinal  cord ;  it 
probably  also  receives  fibres  from  the  axons  of  some  of  the  large  cells  of  the 
formatio  reticularis. 

Other  descending  tracts  in  the  pons  which  are  not  so  distinctly  marked 
in  the  normal  condition,  but  which  can  be  traced  by  special  methods, 
are:   1.  The  rubrospinal  tract;  2.  The  ventral  longitudinal  bundle;  3.  The 


Fifi.  r>12.— Section    or    pons    (A),    medulIjA    oblongata    (B),    of    cervical    (C), 

THOKACIC  (D),  LTTMBAK  (E),  AND  SACRAL  (F)  REOIONS  OF  SPINAL  CORD  OF  MONKEY 
WHICTF  HAD  SUFFERED  RKMOVAL  OF  THE  PRECBNTRAL  OYRtTS  OF  THE  RTOHT 
CEREBRAL   HEMISPHERE. 

The  sections  are  stained  by  the  Marchi  method. 

ponto-spinal  lateral  tract ;  4.  The  vestibulospinal  trart ;  5.  The  central  tract 
of  the  tegmentum. 

Monakoids  bundle  or  the  rubrospinal  tract  has  already  been  seen  as  the 
prepyraraidal  tract  of  the  spinal  cord  (p.  424).  Its  fibres  arise  from  the  cells 
of  the  red  nucleus  of  the  mid-brain  of  the  opposite  side,  crossing  the  raphe 
in  Forel's  decussation  (p.  462,  footnote).  In  the  upper  part  of  the  pons  it 
is  dorsal  to  the  mesial  fillet,  but  lower  down  runs  in  the  laterajl  part  of  the 
tegmentum,  dorsal  to  the  lateral  fillet. 

y/fe   ventral   longitudinal    b'x-ndle    (tectospinal    tract)    consist^    of   fibreg 
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which   arise   in   the   opposite   superior   quadrigeminal   body.      These   cross 
the   raphe   in   Meynert's   decussation  (p.  462),  and   run   down   ventral   to 


Th/t,lam,us 


FUirefrom  sensorv 
miQleus  qf  cerebral  — 
>ierve(Vth.)to  thalamus 

Upper  or  main 
fillet;  ~ 


Wire  of  lowe? 
or  laberalfiU'et  — 
bo  Corp.  quadrjMat. 


Fibre  of  mavn 

fiHet  to  thabamua 


Fibre  from  cord^ 
to  thalamus 


Ganglion- celt 
qf  cerebral  nerve  (Vth.) 


Cfanglion-cell  of 
cochlear  nerve 


Grey  mattcer  qf 
dnrsO'l  horn 

Fiu.  613.— Diagram  of  sensory  path  to  mid-brain  and  thalamus. 
the  dorsal  longitudinal  bundle,   giving  off  collaterals   to   the   oculo-motor 
miclei  and  the  nuclei  of  the  fourth  and  sixth  nerves  as  they  descend.     Its 
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fibres  eventually  mix  with  those  of  the  dorsal  longitudinal  bundle,  and 
pass  into  the  ventral  column  of  the  cord,  joining  the  ventro-lateral 
descending  tract  (p.  424). 

The  ponto  spinal  lateral  tract  is  formed  of  fibres  which  arise  from 
large  cells  of  the  reticular  formation,  and  run  down  within  the  lateral 
area  of  this  formation  in  the  pons  and  medulla  oblongata  to  reach  the 
part  of  the  lateral  column  of  the  cord  which  lies  between  the  grey  matter 
and  the  tracts  of  Monakow  and  Gowers.  It  is,  however,  mixed  here  with 
many  fibres  of  different  origin.  The  destination  of  its  fibres  is  similar  to 
those  of  the  dorsal  and  ventral  longitudinal  bundles,  viz. :  the  adjacent 
grey  matter  of  the  ventral  horn. 

The  vestibulospinal  tract  is  composed  of  fibres  derived  from  the  cells 
of  the  nuclei  of  Deiters  and  Beohterew,  and  is  therefore  similar  in  its 
origin  to  the  fibres  of  the  dorsal  longitudinal  bundle.  The  destination 
is  in  part  also  similar,  for  the  fibres  pass  below  into  the  ventral  root 
zone  of  the  cord  and  end  in  the  grey  matter  of  the  ventral  horn ;  but 
in  their  course  downwards  they  lie  in  the  lateral  part  of  the  medulla 
oblongata  mixed  up  with  those  of  Monakow's  tract  and  the  ponto-spinal 
tract,  as  well  as  with  the  ascending  fibres  of  Gowers'  tract. 

The  central  tract  of  the  tegmentum  (Beohterew)  runs  in  the  pons 
exactly  in  the  middle  of  the  reticular  formation  of  the  tegmentum,  but  • 
in  the  medulla  oblongata  it  lies  more  ventrally  near  the  olivary  nucleus, 
beyond  which  it  has  not  been  traced.  The  origin  of  its  fibres  is  not 
certainly  known,  but  appears  to  be  the  thalamus;  their  destination  is 
the  olivary  body  of  the  same  side  (see  p.  438,  thalamo-olivary  tract). 

Ascending  tracts  in  the  pons  and  medulla  oblongata — Tract  of  the  fillet. — 
In  the  ventral  part  of  the  reticular  formation  is  a  very  well-marked  tract 
of  fibres  somewhat  flattened  dorso-ventrally  in  the  pons ;  this  is  the  tract  of 
the  fillet.  Its  fibres  are  partly  derived  from  cells  in  the  nuclei  of  the 
opposite  fasciculus  gracilis  and  fasciculus  cuneatus  of  the  medulla 
oblongata  which  have  crossed  the  raphe  as  internal  arcuate  fibres ; 
partly  from  cells  in  the  nuclei  which  are  connected  with  the  terminations 
of  the  sensory  cranial  nerves. 

In  the  mid-brain  the  fillet  splits  up  into  two  distinct  bundles  of  fibres 
termed  respectively  the  lateral  or  lower  and  the  intermediate  or  upper  fillet. 
The  fibres  of  the  lower  fillet  are  seen  at  the  side  of  the  mesencephalon  (fillet 
of  Reil),  and  are  traceable  partly  to  the  grey  matter  of  the  inferior  corpora 
quadrigemina  (fig.  620),  partly  to  the  mesial  geniculate  body,  'in  both  of 
which  they  terminate ;  they  are  derived  from  the  sensory  nuclei  of  the 
medulla  oblongata  and  pons  (mainly  from  the  acoustic  nuclei).  Those  of  the 
upper  fillet  go  to  the  thalamus  (fig.  625) ;  they  are  chiefly  the  fibres  from 
the  cells  of  the  opposite  dorsal  columns  of  the  medulla  oblongata  (fig.  613). 

Besides  the  ascending  fibres  of  the  tract  of  the  fillet,  this  bundle  includes  a 
certain  number. of  fibres  which  degenerate  below  a  section  of  the  tract  and  are 
therefore   descending  (centrifugal) :    their  cells   of  origin  appear  to   lie  in  the 
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thalamus  ;  these  hlii'es  ai'o  sitiiateil  mesial  tn  tile  true  lillet  of  whieli  tliev  were 
formerly  eousidei-ed  tn  liu  a.  pai't  (Ijeiiij;-  teemed  "uirsial"  tillct):  they  form  a 
thalamo-hidhar  tract.  INfesial  to  the  tract  just  lueutioui-d  is  a  buudle,  also  con- 
sisting of  descendiug  lilires,  belonging  to  the  system  of  tlic  ])yia.niid  tract,  and 
containing  lilires  which  eventually  come  into  relation  with  certain  of  the  cranial 
motor  nuclei  (Hoche).  This  constitutes  the  rurtico-hiilliar  trad  (see  |i.  J.")3).  hi 
the  ci'usta  it  lies  dorso-lateral  to  the  oiln'r  |)yianiid  tract  lihres. 


nrc.  molor 


iiitefiiieiliafo  fillc-l 

siilistanlia  nil,'"'' 
central  iimloii 


enista  er  pes  y 
liediiiTaili     . 


hreakintrnpef  cnisla  iiil.o 
liMaiiiiH  hiiiiill 


Fii;.   G14.- 'l'ic\NS\-|.:iisi.'.  ski'tiox   ■nii;(U'i:u  the   rrPEK  r\K'i'  or  Tiir   roNs. 
Photograph.      Magnified  ahout  ^  diameters. 

Many  of  the  fibres  whicb  ciuitinuo  the  sensory  path  of  tlie  cranial  nerves 
upwards  lie  in  tlie  foi-niatio  reticularis  (tegmentum),  somewhat  dorsal  to  the 
tract  of  the  fillet,  fornnng  a  homologous  but  not  clearly  delined  tract,  whicli 
runs  up  through  the  pons  and  middirain  to  terminate  in  the  sul)thalamic 
region  and  in  the  optic  thalamus  {cri,/r<if  tr<irt  of  thr  xmynrii  rniiii,i!  iu'rn'.<:). 
Another  ascending  tract  i.s  the  special  bundle  of  libres  from  the  sensory 
nucleus  of  the  fiftli  to  the  thalamus  jn-eviously  referred  to  (p.  ffili). 

At  the  up/ir-r  part  of  the  'poiis  (lig.  fiU)  the  fourth  ventricle  naia-ows 
gradually  towards  the  Sylvian  aqueduct,  and  abo\(>  on   each  side  of  it  two 
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considerable  masses  of  longitudinal  white  fibres  make  their  appearance. 
These  are  the  superior  peduncles  of  the  cerebellum.  They  tend,  as  they 
pass  forwards,  gradually  to  approach  the  middle  line;  immediately  below  and 
in  the  region  of  the  posterior  colliculi  of  the  corpora  quadrigemina,  they 
pass  across  this,  decussating  with  one  another,  to  enter  the  formatio 
reticularis  of  the  opposite  side. 

The  fibres  of  the  superior  cerebellar  peduncles  take  origin  in  the  cere- 
bellum, emerging  from  its  dentate  nucleus,  from  the  cells  of  which  they  are 
derived.  They  cross  the  raphe  in  the  mid-brain  and  terminate  in  the  red 
nucleus  of  the  (opposite)  tegmentum  ;  but  some  of  them  give  off  a  descending 

branch  within  the  ped- 
uncle after  crossing;  its 
destination  is  not 
known. 

The  ventro-lateral 
ascending  .tract  of  the 
spinal  cord  (p.  426)  is 
continued  up  in  the 
lateral  column  of  the 
medulla  oblongata  dorso- 
lateral to  the  olive  and 
through  the  ventral  part 
of  the  pons  Varolii 
lateral  to  the  pyramid 
bundles,  but  at  about 
the  level  of  the  exit  of 
the  fifth  nerve  many  of 
its  fibres  begin  to  pass 
obliquely  towards  the 
dorso-lateral  part  of  the 
pons  (fig.  615),  where 
the  superior  cerebellar 
peduncle  is  emerging 
from  the  cerebellar  hemisphere.  The  tract  in  question  (ventral  spino- 
cerebellar tract)  now  curves  over  the  lateral  aspect  of  this  peduncle  (fig.  616, 
Tr.  spino-cereb.  ventr.),  and  then  takes  a  sharp  backward  turn,  passing  over 
the  dorsal  aspect  of  the  peduncle  to  enter  the  middle  lobe  of  the  cerebellum 
in  the  superior  medullary  velum. 


J-'JAc^ 


i^.a 


'!y^^.e 


Fid.  615. — DiAORAM  TO  SHOW  THE  MODE  OF  PASSAGE 
OF  THE  FTBHES  OP  THE  DORSAL  AND  VENTRAL  SPINO- 
CEREBELLAR TRACTS  RESPECTIVELY  INTO  THE  CERE- 
BELLAR VERMIS.      (F.  W.  Mott.) 

^.c.(/.,  posterior  corpora  quadrigemina;  s.v.,  superior  vermis  of 
cerebellum;  d.a.c.,  dorsal  ascending;  cerebellar  tract;  u.a.c, 
ventral  ascending  cerebellar  tract. 


THE   MID-BRAIN   OR   MESENCEPHALON. 

In  sections  across  the  mesencephalon  (figs.  618,  619,  621)  the  upward 
continuity  of  the  parts  which  have  already  been  described  in  the  lower  nerve- 
centres  can  still  in  great  measure  be  traced. 

The  Sylvian  aqueduct  (fig.  619,  Sy),  with  its  lining  of  ciliated  epithelium, 
represents  the  central  canal  of  the  cord   and   the  fourth  ventricle  of  the 
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medulla  oblongata.  Tn  the  o-roy  matter  which  surromuis  it  {r,-„tr,d  (jrey 
matter)  there  is  seen  in  all  st'ctioris  of  the  region  a  group  (column)  (it 
large  nerve-cells  (ociilrmiilur 
niirleus)  lying  ventrally  on  each 
side  of  the  middle  line,  close  to 
the  reticular  formation.  From 
the  lowest  cells  of  this  column 
the  root-bundles  of  the  fourth 
nerve  arise  at  the  lower  pait  of 
the  mesencephalon  and  pass 
obliquely  backwards  and  down- 
wards around  the  central  grey 
matter,  decussating  with  those 
of  the  opposite  side  to  emerge 
just  above  tlie  pons  V^arolii 
(figs.  614,  617).  Higher  up,  in 
the  region  of  the  anterior  col- 
liculi,  the  bundles  of  the  third 
nerve  spring  from  a  continua 
tion  of  the  same  ruicleus  (fig. 
621,  ii.lll.),  and  these  pass 
forwards  and  downwards  with 
a  curved  course  through  the 
reticular  formation,  to  emerge 
at  the  mesial  side  of  the  crusta. 
According   to  Van   Gehuchten, 

some  of  the  fibres  of  the  third  nerve  cross  the  mifldU>  line  and  emerge  with 
the  nerve  of  the  opposite  side. 

Tegmentiim. — The  reticidai'   formation  of  the  pons  is  cnntinued   up  intu 
the  mesencephalon  and  is  here  known  as  the  tPiimi'nl nm.      Tt  is   composed 


Fn:.    616. — The   corpora    QnADRiiiUMTNA    ami 

NEIia-IBOITRINCi        PARTS        OF        TTtK         I;RA1N. 

(Edinger  from  G.  Retzius. ) 

llrach.  ant.  cerebelU,  the  superior  nereliellar  iu'diiiu-lrs. 
Itetween  tliem  the  anterior  niecliill.ary  \elimi  )iarfj\ 
eovered  liy  the  lin{,ni]a  :  Tr.  spino-ccrelf.  reiitr.,  trad 
of  Gowers  nur^'iny  round  the  peduncle;  leiU'ti.'.'rtit-, 
the  lateral  tillet  ;'  N.  (rorlil..  fourth  nerve;  jV,  r., 
fifth  ner\"e. 


Fti,   617 — Sectiov  THRniT(  ii  tiik  oricux   of  thr  foitkth  xekve.     (Rehwallic) 

A,  transverse  section  at  the  plaee  of  emerjienee  of  the  ner\'e-fihres.  H,  ohliqne  sei:tion  carried 
alonn  the  course  of  the  hundles  from  tlie  nucleus  of  oripn  to  the  place  of  eniers-ence.  A(i, 
Sylvian  aqueduct,  with  its  .surrounding  (,'re.v  matter;  IV,  the  ner\e-hnndles  eniertfini,' ;  IV . 
decussation  of  the  nerves  of  the  two  sides  ;  IV",  a  liunille  passing'  hy  tlie  side  of  the  ai|ueduct 
to  emerg-e  a  little  lower  down;  n.lV,  nucleus  lif  the  fourtli  ner\e  ;  (,  lateral  fillet;  s.c.y., 
superior  cerebellar  peduncle;  s.m.V.,  suiierior  motor  root  of  the  fifth  nerve;  pi,  dorsal 
Inni^itndinal  hundle  ;  r,  raphe, 
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as  before  of  longitudinal  and  transverse  or  arcuate  bundles  of  fibres  with 
much  grey  matter  intermingled.  fhe  transverse  fibres  include  the 
decussating  fibres  of  the  superior  peduncles  of  the  cerebellum  (s.c.p.),  which 
are  derived  from  cells  in  the  dentate  nucleus  of  the  cerebellum,  and  on 
reaching  the  opposite  side  bifurcate.  Their  ascending  branches  become 
gradually  lost  amongst  a  number  of  nerve-cells  which  collectively 
constitute  what  is  known  as  the  red  nucleus  or  nncleus  of  the  tegmentnm, 
whilst  the  descending  branches  turn  downwards  in  the  reticular  formation 
(Cajal)  (see  p.  458).  But  some  of  the  fibres  of  the  superior  peduncle  go  on 
past  the  red  nucleus  to  the  ventral  part  of  the  thalamus.  The  red  nucleus 
also  receives  fibres  in  its  lateral  aspect  which  are  derived  from  the  lenticular 
nucleus  of  the  corpus  striatum,  and  some  of  which  are  said  to  come  from 

the  cerebral  cortex ;  these  fibres 
form  a  sort  of  capsule  to  the 
red  nucleus  before  entering  it. 

Tracts  in  the  tegmentum. — 
1.  Vestibulo-motor  tract;   dorsal 
(  posterior)  longitudinal  bundle. 
— This  is  well   marked   in   the 
raid-brain,  and  gives  off   many 
collaterals    and   terminal   fibres 
to  the  oculomotor  nucleus  which 
is  immediately  dorsal  to  it.    The 
bundle  largely  consists  of  nerve- 
fibres  derived  from  the  cells  of 
Deiters'   nucleus   (see   p.    446), 
which    on    reaching    the    situa- 
tion of  the  bundle  either  on  the 
same   or  on  the  opposite  side, 
bifurcate,    one   branch   ascending,   the  other  descending.     But   it  recei\es 
fibres   from  other  sources  than  Deiters'  nucleus,   e.g.,  from  large   cells   of 
the  sensory  nucleus  of  the  fifth,  and  from  large  cells  in  the  reticular  formation 
of  the  medulla  oblongata,  pons,  and  mid-brain.     All  these  fibres,  like  those 
from  Deiters'  nucleus,  bifurcate  on  joining  the  bundle,  one  branch  passing 
upwards,  the  other  downwards.     Some  fibres  of  the  bundle  are  of  different 
origin  from   the  rest,  arising  beyond  the  oculomotor  nucleus.     These  are 
very  fine  ;  they  are  descending  fibres,  and  are  traceable  from  the  cells  of  the 
nucleus  of  the  dorsal  longitudinal  bundle,  which  lies  in  front  of  the  Sylvian 
aqueduct  in  the  grey  matter  at  thei  side  of  the  third  ventricle.     Some  of  the 
fibres  of  the  dorsal  longitudinal  bundle  are  traceable  as  far  up  as  the  thalamus. 
The    bundle   gives    collaterals    not    only    to    the    oculomotor    nucleus 
(fig.  620,  j)  but  also  to  the  nucleus  of  the  sixth,  and  probably  to  the  nuclei" 
of  other  cranial  motor  nerves.     Its  descending  fibres  are  eventually  continued 
down  the  spinal  cord  in  the  ventro-lateral  descending  tract,  and  give  off 
terminals  and  collaterals  to  the  ventral  horn, 


Frri.    BIS. — Ot-tmke   of  two  sections  across 
TiiK  MESF.xoEPJiALON.     Natural  size. 

A,  through  the  middle  of  the  inferior  cori)ora  quadrigemina. 
B,  through  the  region  of  the  superior  corpora  quadri- 
gemina. rr.,  cnista  ;  «.n.,  substantia  nigra  ;  «,  tegmen- 
tum ;  .s%  Sylvian  aqueduct,  mth  its  surrounding  gre.v 
matter;  c.q.,  grey  matter, of  the  corpora  quadri- 
gemina ;  I. (J.,  lateral  groove  ;  p.l.,  dorsal  longitudinal 
bundle  ;  dA'.,  superior  root  of  the  fifth  nerve  ;  g.c.jj., 
superior  cerebellar  peduncle ;  f,  lateral  fillet:  ///., 
third  nerve;  n.Jlf.,  its  nucleus.  The  dotted  circle 
in  B  indicates  the  situation  of  the  tegmental  or  red 
nucleus. 
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2.  Rubrospinal  tract ;  Monakow's  bundle.— The  cells  of  the  red  nucleus 
send  their  axons  downwards  and  forwards.  They  form  Monakow's 
bundle  or  the  rubrospinal  tract,  which  is  continued  below  into  the  pre- 
pyramidal  tract  of  the  spinal  cord. 

3.  Tectospinal  tract;  ventral  longitudinal  bundle. — Other  longitudinal 
fibres  of  the  tegmentum  are  those  of  the  fasciculus  retroflexus  of  Meynert 


Fig.  619. — Section  across  the  mid-brain  through  the  inferior  i'air  ok 
CORPORA  QUADRIQBMINA.     Magnified  about  34  diameters.     From  a  photograph. 

Sy,  aqueduct  of  Svlvius  ;  c.gr.,  central -^ey  matter  of  the  aqueduct;  n. I II. IV.,  group  of  cells 
forming  part  of  the  conjoined  nucleus  of  the  third  and  fourth  nerves ;  c.p.q.,  one  of  the 
posterior  corpora  quadri^emina ;  gr,  median  groove  separating  it  from  that  of  the  opposite 
side  ;  stt'.l.,  stratum  lemnisci  (layer  of  the  fillet),  forming  its  superficial  layer  ;  /,  upper  fillet ; 

.f,  lateral  fillet ;  V,  accessory  motor  root  of  fifth  nerve ;  jp.Z.&.,  dorsal  longitudinal  hundle ; 

f.r.t.,  formatio  reticularis  tegmenti ;  d,  rf',  decussating  fibres  of  tegmenta (fountaiu-decussations 
of  Forel  and  Meynert) ;  s.c.p.,  superior  cerebellar  peduncles,  decussating  ;  y,^.,  pes  pedunculi 
(crusta);  s.n.,  substantia  nigra;  ff.i-p.,  interpeduncular  ganglion. 


lying  mesially  to  the  red  nucleus  and  passing  obliquely  downwards  and 
inwards  from  the  ganglion  of  the  habenula  to  the  interpeduncular 
ganglion  of  the  opposite  side,  and  the  bundle  of  Miinzer,  which  passes 
from  the  posterior  tubercle  downwards  into  the  lateral  part  of  the 
reticular  formation  of  the  pons.  But  the  longest  and  most  important 
is  the  ventral  or  anterior  longitudinal  bundle,  which  passes  lateral  to  the 
red  nucleus  and  partly  through  it.  Although  the  red  nucleus  receives 
many  collaterals  from  this  bundle  the  fibres  of  the  bundle  are  derived, 
according   to    Held    and    Cajal,    from    cells    in    the    grey    matter    of    the 
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opposite  anterior  tubercle  of  the  corpora  quadrigemina ;  these  cells  send 
their  axons  sweeping  round  the  central  grey  matter  just  central  to  the 
dorsal  longitudinal  bundle  to  cross  in  the  raphe,  where  they  form  the 
fountain-like  decussation  of  Meynert  (fig.  619,  d')?-  The  downward  con- 
tinuation of  the  tecto-spinal  tract  has  already  been  studied,  but  it  should 
be  stated  that  the  prolongation  of  its  fibres  into  the  ventral  column  of 
the  spinal  cord  is  denied  by  Van  Gehuchten,  who  traces  them  only  as 
far  as  the  medulla  oblongata. 

4.  Tract  of  the  fillet. — The  continuation   upwards  of  the  fillet  is  also 


Fiu    620. — Diagram  showihg  the  ueneral  structube  of  the  posterior 

COItPOBA  QUADRIOBMINA.      (Cajal.) 

A  pvinciiml  mass  of  grey  matter ;  B,  0,  cortical  layer ;  D,  grey  matter  around  Sylviaai  aqueduct ; 
'  K,  decussation  of  superior  peduncles  of  cerebellum ;  a,  b,  c,  d,  fibres  of  central  acoustic  path 
from  lateral  fillet ;  e,  axons  from  cells  of  principal  nucleus  passing  towards  brachium  j  /,  fiores 
from  brachium  passing  into  superficial  layer ;  g,  fibres  from  fillet  passinginto  superficial  layer ; 
/i,  a  fibre  of  fillet  passmg  to  central  grey  matter  of  aqueduct ;  j,  collaterals  from  dorsal  longi- 
tudinal bundle  passing  to  oculo-motor  nucleus ;  I,  axons  of  cells  in  superomesial  part  of 
colliculus  curving  round  grey  matter  of  aqueduct  and  forming  the  deep  white  layer. 


apparent  in  this  part  of  the  brain.  Some  of  its  fibres  are  seen  passing 
in  an  oblique  manner  to  the  side  of  the  mesencephalon,  to  enter  the 
grey  matter  of  the  prominences  of  the  posterior  corpora  quadrigemina. 

This  part  is  the  lotver  or  lateral  fillet  (see  p.  456),  which  is  formed  chiefly 
by  fibres  derived  from  the  accessory  auditory,  the  inferior  olivary,  and  the 
trapezoid  nuclei  of  the  opposite  side,  forming  the  central  acoustic  tract. 
Its  fibres  send  numerous  collaterals  to   the   posterior  tubercle   (fig.    620) 

^  This  is  not  to  be  confounded  with  the  fotmtain-like  decussation  of  Ford 
(fig.  619,  d),  which  lies  nearer  -the  ventral  part  of  the  tegmentum,  and  is  partly 
formed  by  the  intercrossing  of  Monalsow's  bundle  and  partly  by  v.  Gudden's  bunflle 
coming  from  the  corpora  mammillaria  to  end  in  the  tegmentum. 


THE  MID-BRAIN 


463 


and  a  few  ty  the  anterior,  and  end  by  ramifying  amongst  the  colls  of 
the  mesial  geniculate  body  (Cajal).  In  its  course  it  traverses  the  nucleus 
of  the  fillet.  This  consists  of  cells  interpolated  amongst  its  fibres  (the 
greater  number  in  the  lower  part  near  the  superior  olive) ;  amongst  the 
cells  some  of  the  fibres  and  many  collaterals  from  them  end.  The  axons 
of  the  cells  trend  inwards  towards  the  raphe.  The  upper  fillet  is  continued 
upwards  in  the  ventral  part  of  the  tegmentum  towards  the  thalamus  (p.  468). 


Fio.  621. — Section  across  the  mid-brain  thbouuh  the  superior  corpora 
QUADRiGEMiNA.     Magnified  about  'i\  diameters.     From  a  photograph. 

e.p.,  posterior  coinmiseure  of  brain;   gl.jn.,  pineal  gland;    <!.<;.«.,  grey  matter  of  one  of  superior 
corpora  quadrigemina ;  e.g.m.,  mesial  geniculate  body ;  c.g.l.,  lateral  geniculate  body ;  tr.opt 
optic  tract ;  i).p.,  crusta  or  pes  pedunculi ;  ii.i.ii.,  dorsal  longitudinal 


r.n.,  red  nucleus;  111.,  Issuing  fibres  of  tliird  nerve 
foratus  posticus  ;  Sy,  Sylvian  aqueduct. 


bundle  ;  fi,  i>pper  fillet ; 
n.lfl.,  its  nucleus;   l.p.p.,  locus  per- 


Crusta. — Lateral  and  ventral  to  the  tegmentum  is  seen  on  either  side 
the  white  mass  known  as  the  crusta  or  pes  pedunculi  (fig.  618,  cr.,;  figs 
619,  621,  p.p.).  This  is  formed  by  longitudinally  coursing  bundles  of  fibres 
lying  on  the  ventral  aspect  of  each  half  of  the  mesencephalon,  and  diverging 
above  into  the  internal  capsule  of  the  cerebral  hemisphere. 

The  fibres  of  the  crusta  are  continued  below  into  the  so-called  "  pyramid 
bundles"  of  the  pons— which  contain,  as  we  have  seen,  many  other  fibres 
than  those  of  the  pyramid  tract.  This  is  also  the  case  with  the  bundles  of 
the  crusta,  in  which  the  pyramid  tract  proper— composed  of  fibres  emanating 
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from  the  precentral  and  paracentral  gyri — is  confined  to  the  middle  thi-ee 
fifths  (which,  however,  includes  many  cortico-pontine  fibres),  whilst  the 
mesial  fifth  is  mainly  occupied  by  fibres  passing  from  the  lower  frontal 
region  to  the  pons,  carrying  impulses  to  the  nuclei  of  the  facial  and  hypo- 
glossal ;  and  the  lateral  fifth  by  fibres  the  origin  and  function  of  which  are 
not  certainly  known.  But  it  is  probable  that  these  last  fibres  are  connected 
■with  the  regions  of  the  hemisphere  behind  the  Rolandic  fissure,  especially, 
perhaps,  with  the  temporal  and  occipital  regions ;  and  are  passing  from  the 
pyramidal  cells  of  those  parts  to  end  in  the  nuclei  of  the  pons. 

Substantia  nigra. — The  crusta  is  separated  from  the  tegmentum  by  a 
layer  of  grey  matter  containing  a  number  of  very  deeply  pigmented  nerve- 
cells  (sM6sto?iiia  ?(i(/ra;  figs.  619,  621,  s.n.).  The  substantia  nigra  receives 
many  collaterals  fi'om  the  adjacent  pyramid  bundles  of  the  crusta  (Sutherland 
Simpson).  The  crusta  and  tegmentum,  together  with  the  intervening  sub- 
stantia nigra,  constitute  the  cerebral  peduiicle  or  crus  cerebri. 

Interpeduncular  ganglion. — Between  the  cerebral  peduncles,  just  where 
they  diverge  from  the  mass  of  transverse  fibres  of  the  pons,  is  seen  close 
to  the  ventral  surface  of  the  brain  a  small  mass  of  grey  matter  containing 
a  large  number  of  small  nerve-cells  with  large  and  irregular  dendrons, 
and  axons  which  are  directed  dorsally  into  the  tegmentum.  This  is  the 
interpeduncular  ganglion  (fig.  619,  g.i-p.).  It  receives  on  each  side 
the  ending  of  the  fasciculus  retroflexus  of  Meynert  which  comes  from  the 
ganglion  of  the  habenula,  a  collection  of  nerve-cells  near  the  superior  and 
mesial  part  of  the  thalamus,  close  to  the  commencement  of  the  third  ventricle. 
These  ganglia  are  both  much  better  marked  in  many  of  the  lower  animals 
than  in  man. 

Corpora  CLuadrigemina. — The  prominences  (collie  id  i  or  tubercles)  of  the 
corpora  quadrigemina  are  formed  mainly  of  grey  matter.  Connected  laterally 
with  each  is  a  bundle  of  white  fibres  forming  the  brachia  of  the  geniculate 
bodies. 

The  posterior  or  inferior  colliculi  consist  of  a  grey  centre  which  is  en- 
closed by  superficial  and  deep  white  layers  (figs.  619,  620).  The  superficial 
white  layer  is  derived  mainly  from  the  brachium.  The  fibres  of  the  fillet 
divide  as  they  approach  the  colliculus;  one  branch  enters  its  grey  matter 
while  the  other  passes  to  the  mesial  geniculate  body.  In  animals  with  a 
highly  developed  sense  of  hearing  all  these  parts  are  proportionately  well- 
developed.  The  deep  white  layer  is  derived  from  cells  of  the  grey  centre, 
but  many  of  the  cells  of  the  latter  send  their  axons  towards  the  superficial 
layer.  The  destination  of  the  fibres  of  the  deep  white  layer  is  not  certainly 
known ;  some  pass  over  the  central  grey  matter  of  the  aqueduct  to  the 
opposite  side. 

In  the  anterior  or  superior  colliculi  four  layers  can  be  distinguished  (fig. 
622),  viz. :  superficially,  a  tkm  white  layer  (a),  containing  nerve-fibres  and  a  few 
nerve-cells  disposed  parallel  to  the  surface;  next  to  this  a  grey  cap  (b),  contain- 
ing many  and  various  nerve-cells,  amongst  which  the  terminations  of  the  optic 
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nerve  (A,  h)  ramify ;  below  this  the  optic  nerve  layer  (c),  which  is  formed  of 
antero-posteriorly  running  fibres  derived  from  the  optic  tract,  and  ending  as 
just  stated  for  the  most  part  in  the  grey  layer.  The  optic  nerve  layer  also 
contains  some  nerve-cells.  Lastly  there  is  a  deep  white  layer,  the  so-called 
deep  medulla,  of  transversely  disposed  fibres  (d)  derived  partly  from  the  fillet, 
but  comprising  many  fibres  which  come  from  the  cells  of  the  colliculus  itself, 
and  a  few  which  are  continued  up  from  the  ventro-lateral  column  of  the 
spinal  cord.  This  deep  layer  also  contains  a  number  of  large  dendritic  cells 
amongst  the  fibres.  The  superior  corpora  quadrigemina  receive  through 
their  brachia  many  of  the  fibres  of  the  optic  tracts,  which  in  mammals  enter 


Fin.  622. — Diagram  showing  the  chabactebs  of  the  cells  in  the  grey 

MATTER    OF    THE    ANTERIOR   COBPOBA   QUADRIGEMINA.       (After  Cajal. ) 

M,  portion  of  dorsal  median  crroove  ;  A,  superficial  white  layer ;  B,  grey  cap ;  O,  optic  fibre  layer 
(upper  grey-white  layer)  ;  D,  layer  of  the  fillet  (lower  grey-white  layer). 

«,  a! ,  marginal  nerve-cells ;  their  axons  are  not  represented ;  &,  6',  horizontal  spindle-shaped  cells 
of  Golgi's  type  II. ;  c,  c',  small  cells  with  much  branched  dendrons  and  -an  a3(on  extending  to 
the  optic  fibre  layer;  6,,  c,  e',  spindle  and  stellate  cells  of  the  grey  cap,  and/,/",  cells  of  the 
Stratum  opticum,  sending  their  axons  into  the  layer  of  the  fillet ;  g^  g',  oells  of  the  layer  of 
the  fillet ;  h,  h,  fibres  of  the  optic  nerve  layer  ending  in  the  grey  and  superficial  white  layers. 


the  grey  matter  at  the  middle  of  its  thickness  and  traverse  it  from  before 
back,  so  that  in  transverse  sections  of  the  mid-brain  they  appear  cut  across. 
In  birds  they  form  a  superficial  white  stra'tum  covering  ^he  grey  matter ;  this 
white  stratum  is  not  homologous  with  the  superficial  stratum  of  mammals,  for 
the  fibres  in  the  latter  are  not  derived  directly  from  the  optic  tract.  The 
optic  fibres  are  all  derived  from  nerve-cells  in  the  retina,  and  as  they  traverse 
tlie  stratum  opticum  they  pass  obliquely  into  the  gtey  matter  (in  a  ventral 
direction  in  birds,  in  a  dorsal  direction  in  mammals)  and  end  in  arborisations 
amongst  its  cells.  The  cells  of  the  grey  matter  are  very  various  in  form  and 
size  (fig.  622).  Most  of  their  axis-cylinder  processes  pass  ventralwards. 
The  destination  of  all  is  not  certainly  known,  but  some  form  the  commence- 
ment of  the  ventral  longitudinal  bundle  of  the  opposite  side,  and  others  run 
30 
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down  on  the  same  side  towards  the  pons  Varolii,  intermingled  with  the 
ascending  iibres  of  the  fillet.  A  certain  number  of  fibres  which  take  origin 
in  the  cells  of  the  anterior  colliculi  course  over  the  central  grey  matter  which 
surrounds  the  Sylvian  aqueduct  and  sweep  round  this  towards  the  fillet-tract 
of  the  opposite  side.  These  commissural  fibres  are  continuous  in  front  with 
those  of  the  posterior  commissure. 

The  nei've-fibres  of  the  optic  nerve  and  optic  tract  do  not  all  enter  the 
corpora  quadrigemina.  Many,  indeed  the  majority,  pass  into  the  lateral 
geniculate  bodies  and  optic  thalami  to  form  arborisations  there  (fig.  627). 
On  the  other  hand,  axons  from  the  cells  of  these  structures  pass  to  the 
cortex  of  the  brkin  (occipital  region). 

As  has  just  been  stated,  many  arcuate  fibres  issue  from  the  grey  matter 
of  the  corpora  quadrigemina  and  pass  obliquely  downwards  into  the  ventral 
part  of  the  mesencephalon  encircling  the  central  grey  matter.  These  fibres 
intercross  in  the  raphe,  where  they  constitute  the  fountain-deoussation  of 
Meynert  (p.  462),  and  after  crossing  constitute  the  main  mass  of  the  ventral 
longitudinal  bundles.  These  are  continued  into  the  ventral  columns  of  the 
spinal  cord ;  they  give  off  collaterals  to  the  motor  nuclei  of  the  eye-muscles, 
and  probably  to  the  motor  nuclei  generally.  Other  fibres  which  appear  to 
belong  to  thS  same  {tectospinal)  system  are  traceable  as  a  distinct  tract  into 
the  lateral  column  of  the  cord  (see  p.  424). 

In  the  cat,  the  anterior  corpora  quadrigemina  receive  a  number  of  fibres 
from  the  pyramid  tr'act  in  the  crusta  of  the  same  side,  a  few  crossing 
over  the  aqueduct  to  the  opposite  oolliculus  (Boyce,  Sutherland  Simpson). 
But  in  most  animals  the  fibres  which  pass  from  the  cortex  cerebri  to 
the  corpora  quadrigemina  enter  these  bodies  through  their  respective 
brachia. 

No  fibres  are  given  off  from  the  cells  of  the  corpora  quadrigemina  to 
the  cortex  cerebri. 

Posterior  commissure. — Immediately  in  front  of  the  corpora  quadri- 
gemina, visible  in  the  roof  of  this  part  of  the  mid-brain,  is  the  posterior 
commissure.  This  consists  of  fibres  which  arise  in  a  nucleus  at  each  side  of 
the  Sylvian  aqueduct  and  which  pass  across  the  middle  line  dorsal  to  the 
central  grey  matter  and  then  turn  ventralwards  and  caudalwards  to  pass 
down  in  the  tegmentum  lateral  to  the  dorsal  longitudinal  bundle,  which  is 
partly  reinforced  by  the  fibres  in-  question.  Fibres  of  the  posterior  com- 
missure extend  into  the  region  of  the  third  ventricle. 

The  optic  nerves.— -The  only  sensory  nerves  which  are  immediately 
connected  with  the  mid-brain  are  the  second  or  optic.  Their  origin  is  from 
the  large  nerve-cells  of  the  ganglion  of  the  retina.  The  nerve  leaves  the 
globe  of  the  eye  at  its  posterior  aspect,  passes  through  the  optic  foramen  to 
the  base  of  the  brain,  and  joins  the  nerve  of  the  opposite  side  to  form  the 
optiQ  ehiasma  (fig.  627).  Of  the  fibres  which  enter  the  chiasma,  those  from 
the  inner  (or  nasal)  two-thirds  of  the  retina  cross  to  the  optic  tract  of  the 
opposite   side,   while  the  remaining   third,  comprising  the  fibres  from  the 
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temporal  part  of  the  retina,  pass  along  the  lateral  border  of  the  chiasma  to 
the  tract  of  the  same  side.  In  the  optic  tract  they  are  continued  to  the 
parts  of  the  brain  where  they  have  their  terminal  arborescences,  viz.,  the 
external  geniculate  body  and  the  adjoining  posterior  part  of  the  thalamus 
(pulvinar)  and  the  anterior  corpora  quadrigemina.  A  certain  number  of  the 
fibres  of  the  optic  nerve  bifurcate  on  reaching  the  chiasma,  and  the  branches 
pass  one  into  each  optic  tract  (Cajal). 

The  fibres  which  pass  to  the  anterior  corpora  quadrigemina  are  much 
finer  than  those  to  the  corpora  geniculata.  It  is  probable  that  the  former 
furnish  the  path  for  reflex  movements  of  the  pupil,  etc.,  and  the  latter  the 
path  for  visual  impressions. 


since    the    lateral    corpus 
geniculatum  and  pulvinar 


thalami  are  directly  con- 
nected with  the  visual 
cortex  in  the  occipital 
lobe,  while,  as  already 
stated,  no  such  direct  con- 
nexion obtains  between 
that  cortex  and  the 
anterior  corpora  quadri- 
gemina. 

A  small  bundle  of 
fibres  (transverse  pediin- 
cular  bundle)  leaves  the 
optic  tract  as  it  enters  the 
mid-brain  and  passes  round 
the  cerebral  peduncle  to 
lose  itself  in  the  mesial 
part  of  the  tegmentum 
near  the  fillet.  Its  des- 
tination appears  to  be  a 
small  nucleus  situated  near 
enucleation  of  the  opposite  eyeball. 

The  optic  tracts  and  chiasma  also  contain  the  fibres  of  v.  Gndden'a 
commissure,  which  connects  the  posterior  corpora  quadrigemina ;  these 
fibres  appear  to  have  no  relation  to  the  visual  function. 

There  are  present  in  the  optic  nerve  and  tract  a  few  fibres  which 
originate  in  the  nerve  centres — where  is  not  known — and  terminate  in 
the  retina. 

Motor  nerves. — The  motor  nerves  arising  from  the  mid-brain  are  the 
third  and  fourth.  The  position  of  their  nuclei  and  their  mode  of  exit 
have  been  already  described  (p.  459). 


Pig.,  623. — Tbansvbksb  section  through  the  ceke- 
brum  in  the  region  of  the  middle  commissure. 
Natural  size. 

c.c,  corpus  callosum  ;  /,  fornix  ;  n.c,  nucleus  caudatus  ;  th,  thal- 
amus ;  s.t.r.,  subthalamic  region;  cr,  crusta  passing  into 
internal  capsule;  s.n.,  substantia  nigra;  a,  e,  i,  various 
nuclei  of  thalamus ;  a,  its  latticed  layer ;  1,  ^,  S,  parts  of 
suhthalamus;  n.l,,  nucleus  lenticularis ;  f.c,  external  cap- 
sule; ci.,  claustrum;  7,  insula ;  m.c.,  middle  commissure; 
above  and  below  it  is  the  third  ventricle,  communicating 
above  on  each  side  through  the  foramen  of  Monro  with  the 
lateral  ventricle.  Below  the  fornix  are  seen  the  choroid 
plexuses  ;  t.s.,  stria  terminalis. 


the  red  nucleus.     Its  fibres  degenerate  after 


468 


THE  ESSENTIALS   OF  HISTOLOGY 


THE   THALAMENCEPHALON. 

The    thalamus   (figs.    623,    624,    th.),    which   lies    at    the   side    of    the 

third  ventricle  and  forms  part  of  the  iloor  of  the  lateral  ventricle,  is  covered 

on   its  free  surface  by   a  layer   of  white  fibres.     Laterally  it   is  bounded 

by  the   internal  capsule.      Fibres  from  the  latter  pass   into  the  thalamus 

and  serve  to  connect  it  with  the 
hemisphere. 

The  grey  matter  of  the  thala- 
mus is  partially  subdivided  (fig. 
623)  by  an  oblique  white  lamina 
into  a  smaller  mesial  nucleus ;  and 
a  larger  lateral  nucleus ;  these  con- 
tain a  large  number  of  small 
nerve-cells.  Anteriorly  another 
portion  of  grey  matter  (anterior 
nucleus)  is  divided  off  in  a  similar 
way ;  this  contains  comparatively 
large  nerve-cells.  All  these  nuclei 
are  formed  of  groups  of  cells 
having  different  connexions,  many 
of  which  still  require  elucidation. 

The  thalamus  receives  the  ter- 
minal branches  of  the  fibres  of  the 
upper  fillet,  continued  from  the 
cells  of  the  opposite  nuclei  of 
Goll  and  Burdach  (spino-thalamic 
tract),  those  of  the  central  path  of 
the  fifth  cranial  nerve  of  the 
opposite  side,  and  some  fibres  from 
the  superior  cerebellar  peduncle  of 
the  opposite  side ;  besides  the 
fibres  of  the  optic  tract  which 
pass  to  the  external  geniculate 
body  and  pulvinar  thalami. 

From  the  cells  of  the  thalamus 
nerve-fibres  pass  in  every  direction 
into  the  white  matter  of  the  hemisphere,  and  eventually  to  the  cortex. 
From  the  outer  part  they  tend  especially  towards  the  occipital  region, 
assisting  to  form  the  central  visual  tract  which  passes  to  the  visual  cortex. 
From  the  inner  and  deeper  part  they  converge  towards  the  subthalamic 
region.  Here  many  are  collected  into  the  ansa  lenticularis  (see  p.  472), 
by  which  they  pass  into  the  nucleus  lenticularis,  while  others,  as  already 
stated,  enter,  tlie  corona  radiata  and  thus  reach  the  cortex  of  the  hemi- 
sphere.    These  fibres  from  the  thalamus  to  the  cortex  probably  form  the 


Fro.   624. — Horizontal   section    through 

THE   optic  thalamus  AND  CORPUS  STRI- 
ATUM.    Natural  size. 

v.L,  lateral  ventricle,  its  anterior  cornu;  c.c,  corpus 
callosum;,  «.;.,  septum  lucidum  ;  a./.,  anterior 
pillars  of  the  fornix;  vS,  third  ventricle ;  tfe., 
thalamus  opticus ;  St.,  stria  medullaris ;  nc,  nc'., 
nucleus  caudatus,  and  nl. ,  nucleus  lenticularis  of 
the  corpus  striatum ;  i.e.,  internal  capsule ;  g,  its 
angle  or  genu  ;  tic'.,  tail  of  the  nucleus  caudatus 
appearing  in  the  descending:  cornu  of  the  lateral 
ventricle ;  cl.,  claustrum  ;  I,  insula. 
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third  and  the  last  link  in  the  chain  of  sensory  neurones,  the  second  being 
formed  by  the  neurones  of  the  fillet  and  the  first  by  the  neurones  of  the 
sensory  roots.  On  the  other  hand,  the  thalamus  receives  fibres  both  from 
the  cortex  and  from  the  corpus  striatum,  to  end  amongst  its  cells. 

Corpora  geniculata. — Attached  to  the  thalamus  below  and  behind  are 
the  geniculate  bodies  (fig.  626).  These  at  first  sight  appear  to  be  both 
connected  with  the  optic  tract,  but  only  the  lateral  one  actually  receives 


Fui.  625. — Diagram  of  the  connexions  op  the  thalamus  with  the  ASOENDiN(i 

riEBES    OF  THE    FIFTH   NEKVE,    AND    OF    THE    UPPBE  FILLET    ON    THE    ONE    HAND, 
AND    WITH   THE    CORTEX    CEREBRI    ON    THE    OTHER.       (Cajal. ) 

A,  B,  C,  D,  E,  various  nuclei  in  thalamus ;  I,  afferent  fibres  passing  to  mammillary  body,  y ;  G,  tract 
of  upper  fillet  ending  in  A  (at  c),  and  giving  collaterals  to  D  (posterior  nucleus) ;  H,  central 
tract  from  sensory  nucleus  of, fifth;  T,  cortex  cerebri;  V,  visual  cortex;  E,  anterior  colli- 
^fculuB  ;  J,  optic  chiasma ;  S,  optic  fibres ;  K,  hippocampus. 

a,  fibres  from  cortex  to  thalamus,  ending  at  e ;  &,  fibres  from  cells  in  thalamus  (d)  to  cortex ; 
/,  fibres  from  lateral  geniculate  body  and  thalamus  to  visual  cortex,  ending  at^  in  stria  of  Gennari. 


optic  fibres,  the  mesial  body  receiving  fibres  from  the  central  auditory 
tract  through  the  lateral  fillet.  Of  the  geniculate  bodies  the  outer  or 
lateral  has  a  laoiellated  structure  consisting  of  alternating  layers  of  grey 
and  white  matter,  the  white  layers  being  composed  partly  of  the  entering 
optic  fibres  and  partly  of  fibres  emerging  from  the  grey  matter  and  passing 
to  the  central  optic  path,  while  the  grey  substance  contains  very  numerous 
nerve-cells  amongst  which  the  fibres  of  the  optic  tract  end  in  complex 
arborisations.  From  these  cells  axons  arise  and  join  a  bundle  of  fibres 
which  enters  the  white  matter  of  the  hemisphere  above  and  along  with 
the  internal  capsule,  and  passes  to  the  visual  area  of   the  cortex  (central 
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vi>>na}  tract).  Some  of  tlie  fibres  from  tlie  corpus  geniciilatuin  laterale, 
as  they  enter  the  visual  tract,  send  branches  downwards  towards  the 
tegmentum. 

The    cells    of    the   mesinl   tjeniculnte  btidy  are   collected  into   two    main 
nuclei,  dorsal  and   ventral.     Most   of   the   cells   are   small,  but   at  one  part 


Fill.  Gl2(i.  — FlIU'UE  SUDWIN'C  TJIE  (ILFACTOKV  TKAI'TS  .-^NII  TJIKIK  ROOTS:  THE 
OI'TK;  OHI.iS.MA  AND  Ol'TIC  TR.U'TS:  TU  K  CKMCn.ATK  IIORTES  AND  THE 
ITLVINAR    THALAMI.        (Edillgei.) 

The  ]tons  is  cut  throuj^'h  at  the  anterior  part,  and  ttie  sectiuii  shiiws  tlie  SvKian  aiiuediict,  the 
fillet  (lamina  la'ptearin),  superior  cerebellar  peduncles,  etc.  The  corpora  nianiniillaria  are 
partly  concealed  hy  tlie  pons  ;    between  and  in  front  of  them  is  seen  the  infundibuluni. 

there  is  a  group  of  large  cells.  The  axons  appear  to  pass  through  the 
bra(.-hium  and  eventually  to  the  cortex  :  probabh-  to  that  of  the  temporal 
lobe. 

The  ganglion  of  the  habenula  (tig.  (i2S,  (/)  i.s  a  collection  of  nerve-cells 
which  lies  at  the  posterior  part  of  the  thalamus  on  each  side,  near  the  roof  of 
the  third  ventricle.  This  ganglion  receives  on  the  one  hand  the  fibres  of  the 
hdheiiiila  or  atria  nifdaJlaris,  and  on  the  other  hand  gives  off  from  its  cells 
the  fibres  which  form  VLMjiv^cical as  rctrnjli^ras  or  Meijuerin  bandia  (fig.  654), 
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passing   downwards  to  the  interpeduncular  ganglion  (p.   464).      The   two 
ganglia  of  the  habenulse  are  joined  by  a  white  commissure. 

The  corpora  mammillaria  (fig.  626)  are  seen  at  the  base  of  the  brain 
immediately  below  the  posterior  part  of  the  third  ventricle.  Each  is  com- 
posed of  white  matter  externally  and  grey  matter  internally.  It  receives 
fibres  from  the  anterior  pillar  of  the  fornix  of  the  same  side ;  these  fibres 
arise  from  cells  in  the  hippocampus  and  end  in  the  mammillary  body.  Accord- 
ing to  Edinger   some  fibres   from  the  olfactory   tract   pass   directly  to  it. 


Fig.  627.- 


-DlAGBAM   TO   SHOW  THK   PBOBAELE  COURSE   AND   RELATIONS   OE 
THE  OPTIC  FIBRES. 


Only  single  fibres  are  shown  emerging  from  the  anterior  quadrigeminal  and  external  geniculate 
bodies,  continuing  the  course  of  the  two  fibres  from  corresponding  points  m  the  retinie. 
This  is  merely  to  simplify  the  diagram,  and  is  not  intended  to  imply  that  the  retinal  impressions 
are  fused  in  those  situations. 

The  axons  of  its  cells  bifurcate ;  one  branch,  the  coarser,  passing  into  the 
anterior  and  upper  part  of  the  thalamus  in  the  bundle  of  Vicq  d'Azyr,  and 
the  other  into  the  tegmentum  of  the  mid-brain  in  v.  Gudden's  bundle.  The 
corpora  mammillaria  form  part  of  the  central  olfactory  apparatus  (fig.  654). 

Subthalamic  region. — The  tegmentum  of  the  crus  cerebri  is  prolonged 
below  the  thalamus,  and  between  it  and  the  internal  capsule  is  represented  by 
a  mass  of  grey  substance,  with  longitudinally  and  obliquely  crossing  white 
bundles,  which  is  known  under'the  name  of  suUhalamus  or  hypothalamus  (fig. 
628).  Its  deepest  part  contains  a  lens-shaped  mass  of  grey  matter  prolonged 
forwards  from  the  substantia  nigra  known  as  the  corpus  suUhalamicum  of 
Luys.     A  mass  of  fibres  sweeps  round  this  and  round  the  internal  capsule, 
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passing  between  the  thalamus  and  the  nucleus  lenticularis  \  the  terms  %ona 
incerta  and  ansa  lenticularis  are  employed  to  denote  some  of  these  strands, 
but  their  origin  and  destination  have  not  been  definitely  ascertained. 


Fig.  628. — Section  taken  obliquely  through  the  thalamus  and  internal 
capsule  showing  some  of  the  strands  of  fibres  of  the  subthalamus. 
Magnified  2^  diameters.      From  a  photograph. 

Th.,  thalamus;  v.iii.,  third  ventricle;  t.,  tienia,  or  attachment  of  epithelial  roof  of  ventricle; 
str.,  stria  medullaris  or  hahenula;  g',  ganglion  of  the  habenula;  n.f.,  mesial  nucleus  of 
thalamus ;  opt.,  optic  fibres  passing  into  pulvinar  of  thalamus ;  z.i.,  zona  incerta,  from  which 
fibres  are  seen  emerging  and  sweeping  as  the  ansa  lenticularis^  a.L,  round  the  internal  capsule, 
c.i.,  to  pass  toward  the  lenticular  nucleus ;  C.8.,  corpus  subthalamicum ;  /,,  anterior  pillar  of 
fornix  passing  backwards  to  corpus  mammillare ;  V.A.,  bundle  of  Vicq  d'Azyr,  passing  upwards 
and  forwards  from  corpus  mammillare  into  thalamus  ;  g,  group  of  nerve-cells,  probabiy  - 
belonging  to  the  nucleus  of  the  corpus  manunillare  ;  x,  fasciculus  retroflexus. 


LESSONS  XLIV.   AND   XLV. 

STRUCTURE  OF  THE  CEREBELLUM  AND 
CEREBRUM. 

1.  Sections  of  the  cerebellum  vertical  to  the  surface,  (a)  aci'oss  the  direction  of  the 
laminse,  (6)  parallel  with  the  laminse. 

2.  Sections  across  the  whole  of  one  hemisphere  of  the  cerebrum  of  a  monkey 
orcat  passing  through  the  third  ventricle. 

3.  Vertical  sections  of  the  cerebral  cortex  : — one  across  the  centi'al  gyri,  another 
from  the  occipital  lobe  (calcarine  region),  another  across  the  supeiior  temporal 
gyrus  and  island  of  Eeil,  and  one  across  the  hippocampal  gyrus  and  hippocampus. 

4.  Transverse  sections  of  the  olfactory  tract  and  bulb. 

In  all  these  preparations  make  sketches  under  a  low  power  of  the  general 
arrangement  of  the  grey  and  white  matter,  and  also  of  the  nerve-cells  in  the  giey 
matter.     Sketch  some  of  the  details  under  a  high  powei'. 

The  preparations  are  made  in  the  same  way  as  those  of  the  spinal  cord.  Other 
yjreparations  may  be  made  by  the  Golgi  method  to  exhibit  the  relation  of 
the  cells  to  one  another.  Such  preparations  may  have  been  already  partly  studied 
(Lessons  XVII.  and  XVIII.). 


THE   CEUEBELLUM. 

The  cerebellum  is  composed  of   a  white  centre  and  a  grey  cortex  (fig. 
629).     Both  extend  into  all  the  folds  or  laminse,  so  that  when  the  laminae  are 


Fig.  .629.— Section   throduh    one    or   the    hbmispheiies    of   the   cerebellum, 

SHOWING    THE     LAMINATED    AKBOBESOENT    APPBABANCE    OE    THE    OBEY    MATTER 
AT    THE    SURFACE    AND   THE    NUCLEUS    DENTATIS   {n.d.)    IN    THE    MIDDLE    OF  THE 

WHITE  CBNTEB.     The  pons  is  indicated  by  a  dotted  outline. 
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cut  across,  an  appearance  is  presented  of  a  white  arborescence  covered  super- 
ficially by  grey  matter.  The  white  matter  is  in  largest  amount  in  the 
middle  of  each  cerebellar  hemisphere.  There  is  here  present  a  peculiar  wavy 
lamina  of  grey  matter,  similar  to  that  in  the  olivary  body,  and  known  as  the 
nucleus  dentatus  (fig.  629,  n.d.).  This  receives  numerous  nerve-fibres  from 
the  cells  of  Purkinje  of  the  cortex,  which  end  by  arborising  around  its  cells. 
The  latter  give  ofF  axons  which  become  the  fibres  of  the  superior  cerebellar 
peduncles,  and  for  the  most  part  end  in  the  opposite  red  nucleus  (p.  460), 


».  RmhoLvRrrfrvvs 


-n,.qldbosuB 


jilex-us 
Fig.  630. — Skction  ackoss  the  cebebbllum  and    medulla    oblongata  showing 

TUB    position    OE    THE    NUCLEI    IN   THE    WHITE    CENTRE    OF  THE  CEREBELLUM. 

(SuUing.) 

n.d.,  nucleus  dentatus  cerebelli ;  s.c.p.,  fibres  of  superior  peduncle  ;  com,  com',  com", 
commissural  fibres ;  X,  root-fibres  of  vagus ;  XI T,  root-fibres  of  hypoglossal  nerve. 

but  some  pass  beyond  this  into  the  subthalamic  region.  The  dentate  nucleus 
also  receives  collaterals  from  fibres  of  the  inferior  peduncle  (Cajal). 

Other  isolated  grey  nuclei  lie  in  the  white  matter  of  the  middle  lobe 
over  the  roof  of  the  fourth  ventricle  and  constitute  collectively  the  nuclei 
of  Stilling.  The  most  important  of  these  appears  to  be  the  nucleus  tecti 
(s.  fastigii)  (fig.  630).  This  receives  many  of  the  ascending  fibres  of  the 
vestibular  nerve  (p.  446)  and  collaterals  from  the  spino-cerebellar  tracts,  and 
gives  origin  to  a  bundle  of  fibres  which  crosses  to  the  opposite  side  and 
descends  in  the  mesial  part  of  the  restiform  body  to  the  reticular  formation 
of  the  medulla  oblongata  (Risien  Russell). 

The  grey  matter  of  the  cerebellum  appears  of  essentially  similar  structure 
throughout  the  whole  extent  of  the  cortex.     It  consists  of  two  layers.     The 
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inner  or  granule  layer  (fig.  631,  d,  and  fig.  633,  B)  lies  next  to  the  white  centre, 
and  is  composed  of  a  large  number  of  very  small  nerve-cells  intermingled 
with  a  few  larger  ones  and  some  neuroglia-cells.  The  outer  or  molecular 
layer  (fig.  631,  6,  and  fig.  633,  A)  is  thicker,  and  is  formed  chiefly  of  fine 
nerve-fibres  with  small  nerve-cells  scattered  through  it.  Into  its  outer  part 
processes  of  the  pia  mater  convey- 
ing blood-vessels  pass  vertically. 
Lying  between  the  two  layers  of 
the  grey  matter  is  an  incomplete 
stratum  of  large  flask-shaped  cells, 
termed  the  cells  of  Purkinje  (fig. 
631,  c;  fig.  632,  fig.  633,  r().  Each 
of  these  cells  gives  off  from  its  base 
a  fine  process  (axon),  which  becomes 
the  axis-cylinder  of  one  of  the  med- 
ullated  fibres  of  the  white  centre, 
while  from  the  opposite  pole  of  the 
cell  large  ramified  processes  (den- 
drons)  extend  into  the  superficial 
layer  of  the  grey  matter. 

The  dendrons  of  the  cells  of 
Purkinje  spread  out  in  planes  trans- 
verse to  the  direction  of  the  lamellse 
of  the  ogran,  so  that  they  present  a 
different  appearance  according  to 
whether  the  section  is  taken  along 
a  lamella  or  across  it  (compare 
fig.  633,  I  and  II).  These  den- 
drons are  invested  at  their  attach- 
ment to  the  cell  and,  for  some 
extent  along  their  branchings,  by 
a  basket-work  formed  by  the 
terminal  arborisations  of  certain 
fibres  {climbing  or  tendril  fibres)  of 
the  medullary  centre  (fig.  635,;  fig. 
636,  cl.f.).  The  body  of  the  cell  of 
Purkinje  is  further  invested  by  a 
felt-work  of  fibrils  formed  by  the 
arborisation  of  axis-cylinder  pro- 
cesses of  nerve-cells  {basket-cells)  in 

the  outer  layer  of  the  grey  matter  (figs.  634 ;  636,  6).  Each  cell  has  there- 
fore a  double  investment  of  this  nature,  one  covering  the  dendrons,  the  other 
investing  the  body  of  the  cell  and  extending  along  the  commencement  of 
the  axon. 

The  granules  of  the  inner  layer  of  grey  matter  are  mostly  small  nerve- 


Fig.  631.— Section  of  cortex  of  cere- 

RELLUM.     (Sankey. ) 
a,  pia  mater ;  h,  outer  or  molecular  layer ;  c,  cor- 


puscles of  Purkinje ; 
e,  medullary  centre. 


d,  inner  or  granule  layer  ; 
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cells,  each  with  a  few  dendrons  penetrating  amongst  the  other  granules, 
and  an  axon  which  is  directed  between  the  cells  of  Purkinje  into  the  outer 
layer.  After  penetrating,  a  variable  distance  into  this  layer  the  axon 
bifurcates,  and  its  two  branches  pass  in  opposite  directions  at  right  angles 
to  the  main  stem,  and  parallel  to  the  direction  of  the  lamella  (fig.  633,  I). 
What  ultimately   becomes   of   the   branches   is   not   known.      In   sections 

cut  across  the  lamella 
the  cut  ends  of  these 
fibres  give  a  finely 
punctated  appearance 
to  the  outer  layer  (fig. 
633,  II). 

Some  of  the  cells  of 
the  granule  layer  are 
far  larger  than  the 
others,  and  send  their 
much-branching  axons 
amongst  the  smaller 
granules  (cells  of  Golgi, 
fig.  636,  g).  Besides 
these,  certain  other 
large  "granules"  have 
been  noticed  by  Cajal, 
occurring  both  in  the 
granule  layer  and  in 
the  white  centre,  with 
long  axons  passing  into 
the  white  matter  of  the 
cerebellum.  These  are 
comparatively  few  in 
number. 

Ramifying  amongst 
the  cells  of  the  granule 
layer  are  peculiar  fibres 
derived  from  the  white 
centre,  and   character- 
ised by  having  pencils 
of  fine  short  branches  at  intervals  like  tufts  of  moss  (fig.  636,  m.f.).     These 
have  been  termed  by  Cajal  the  moss-fibres ;  they  end  partly  in  the  granule 
layer,  partly  in  the  molecular  layer. 

The  neuroglia  of  the  cerebellum  is  peculiar  in  containing,  besides  the 
ordinary  branched  and  unbranched  neuroglia-cells  (fig.  636,  gV-,  gP),,  other 
large  cells  with  long  parallel  processes  which  extend  through  the  molecular 
layer  to  be  attached  to  the  surface  of  the  lamellse  (gl^).  The  cell-bodies 
lie  at  about  the  same  level  as  those  of  Purkinje's  cells. 


Fiii.  632. — A  ceIjL  of  Puekinjk  of  tuk  cerkbeixl'm, 

SHOWN    EY  GoLtJl'S  METHOD.      (Cajal.) 
a,  axon  ;  b,  collateral  from  axon  ;  c,  d,  arborisation  of  dendrons. 
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Fig.  633. — Sections  or  cortex  cerebelli  stained  by  Golgi's  method.   .(Cajal.) 
I. — Section  made  in  the  direction  of  a  lamina.    II. — Section  taken  across  a  lamina. 
A,  outer  or  molecular  laj'er  ;  B,  inner  or  granule  layer  ;  C,  medullary  centre. 

((,  corpuscles  of  Purkinje  ;  b,  small  gran\iles  of  inner  layer ;  c,  a  protoplasmic  process  (dendron) 
of  a  granule ;  d,  nerve-fibre  process  of  a  granule  passing  into  the  molecular  layer,  where  it 
bifurcates  and  becomes  a  longitudinal  fibre  (in  II  these  longitut^inal  fibres  are  cut  across 
and  appear  as  dots)  ;  p,  bifurcation  of  another  fibre  ;  (j,  a  gi'anule  lying  in  the  white  centre. 


Fic.  634. — Basket-cell  of  cerebellum  showinc;  the  arborisations  of  its 

AXON  over  the  cells  OF  PlTRKINJE.      (Cajal.) 

A,  row  of  Purkinje  cells ;  B,  basket-cell  of  molecular  layer ;  cl,  its  dendrons ;  c,  its  axon  ;  a  and  b, 

endings  of  axon. 
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Fibres  of  the  cerebellar  peduncles.— The  peduncles  of  the  cerebellum  have 
been  already  studied  in  connexion  with  the  medulla  oblongata,  pons,  and  mid- 
brain, but  it  may  be  convenient  briefly  to  summarise  what  has  there  been  stated. 
The  inferior  ped-imele  (restifonn  body)  is  composed  mainly  (1)  of  ascendmg  hbres 
derived  from  the  dorsal  spino-cerebellar  tract  running  m  its  outer  part  ;  and 
(2)  of  fibres  from  both  olivary  nuclei— but  chiefly  from  that  of  the  opposite  side. 
The  peduncle  is  also  said  to  receive  fibres  from  the  nuclei  of  the  gracile  and 
cuneate  funiculi,  from  cells  and  nuclei  of  the  reticular  formation  of  the  medulla 
oblongata,  and  from  the  sensory  nuclei  of  the  cranial  nerves,  especially  of  the 
vestibular  nerve.     Most  of  the  fibres  of  the  peduncle  pass  to  the  lower  part  of 

the  vermis,  crossing  to 
the  opposite  side  over 
the  fourth  ventricle, 
but  before  doing  so 
they  give  oflF  strong 
collaterals  to  the 
hemisphere  of  the 
same  side.  Besides 
its  ascending  fibres 
the  peduncle  also  con- 
tains a  small  bundle 
of  fibres  descending 
to  the  medulla  oblon- 
gata from  the  nucleus 
tecti  of  the  opposite 
side :  this  bundle 
bends  round  the 
superior  peduncle  to 
join  the  inferior  ped- 
uncle, its  fibres  lying 
between  those  of  the 
superior  peduncle  and 
Gowers'  tract  (Eisien 
Eussell).  In  the 
middle  of  the  inferior 
peduncle  is  a  very 
small  nucleus  of  grey 
matter  (Ddjerine) 
which  is  almost  com- 
pletely concealed 
amongst  the  mass  of 
white  fibres  (fig.  603, 
n.r.). 

The  middle  ped- 
uncle is  formed  of 
fibres   from    the   cells 
of    the    nuclei    pontis 
which  are   passing  to 
the     opposite     hemis- 
phere  of  the   cere- 
bellum. 
The  superior  peduncle  is  formed  of  fibres  which  mostly  take  origin  in  the 
corpus  dentatum  cerebelli,  but  some  are  said  to  arise  in  the  hemisphere  and  pass 
through  this  nucleus.     The  supeiior  peduncles  decussate  in  the  mid-brain  across 
the  raphe,  and  their  fibres  then  bifurcate  into  ascending  and  descending  branches. 
The  ascending  branches  pass  forwards  and  end  in  the  red  nucleus,  but  some  fibres 
go  past  this  into  the  ventral  part  of  the  thalamus.     The  descending  branches  are 
traceable  into  the  dorsal  part  of  the  reticular  formation  of  the  pons. 

The  superior  peduncle,  as  it  issues  from  the  hemisphere,  is  joined  by  the  bundle 
of  Growers,  which  runs  over  it,  and  passes  backwards  along  its  mesial  border  to 
the  vermis. 


Fi<i. 


635. — ENDINfl    OF  A    "TKNDBIl/'    FIERI!    OVKE   THE    DEN- 
DRONS  OF  A  PUBKINJK  CEJ.L  :   HUMAN.      (Cajal. ) 
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THE   CEREBRUM. 

The  grey  matter  of  the  cerebral  cortex  is  always  described  as  if  composed 

of  a  number  of  layers,  but  the  strata  are  not  sharply  differentiated  and  they 

vary  in  number  and  in  relative  development  in  different  regions  of  the  cortex. 

Most  of  the  cells  are  of  a  long,  irregularly  conical  shape  :  these  are  known  as 


Fifi.  636.— Diagrammatic  section  of  cerebellum  to  show  the  characters  and 

RELATIONS    OF    THE    CELLS    AND    FIBRES    MET    WITH    IN    THE    SEVBE,AL    LAYERS 
AS  EXHIBITED   BY  THE  CHROMATE   OF  SILVER  METHOD.      {After  Kolliker.) 
P  a  cell  of  Purkinie ;  G,  a  cell  of  Golgi ;  6,  a  basket-cell ;  m,  m,  other  cells  of  the  molecular  layer ; 
'    irr   granules-    »   a  nerve-fibre  of  the  white  substance  derived  from  a  Purkinje  cell;    i«./., 
'"moss "-fibres ;  cl.f.,  a  climbing  fibre  ;  gl\  gP,  gV,  types  of  neuroglia-cells. 

the  pyramidal  cells  of  the  cortex,  a  name  which  is  somewhat  inappropriate  as  a 
term  intended  to  describe  their  form  (fig.  637).  They  vary  considerably  in 
size  in  different  levels.  The  following  eight  strata  are  generally  distinguish- 
able, but  in  some  parts  of  the  cortex  a  larger  number  can  be  made  out,  whilst 
in  other  parts  there  are  fewer. 

1.  A  peripheral  stratum  {molecular  or  plexiform  layer)  containing  scattered 
nerve-cells  and  many  neurogliaoells  (figs.  6.37,  638,  1 ).    In  the  most  superficial 
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part  of  this  layer,  immediately  under  the  pia  mater,  is  a  thin  stratum  of  nerve- 
fibres  running  parallel  with  the  surface;  the  layer  also  contains  a  large  number 

of  ramified  fibres,  Most  of  the  fibres 
of  this  plexiform  layer  are  derived 
from  nerve-cells  of  the  deeper  parts  of 
the  cortex.  Intermingled  with  the 
fibres  a  few  ramified  cells,  each  with 
numerous  dendrons  and  a  long  axon, 
are  disposed  parallel  with  the  surface; 
the  axons  terminate  by  arborisations 
within  the  layer  itself  {horizontal  cells 
of  Cajal)  (fig.  638).  Other  cells  with 
shorter  axis-cylinder  processes  also 
occur  in  this  layer. 

2.  A  layer  of  closely  set  small 
pyramidal  nerve-cells,  several  deep 
(layer  of  small  pyramids,  fig.  637,  2). 
This  layer  also  contains  other  cells 
with  short  axons. 

3.  A  layer  of  medium-sized  pyra- 
midal cells  less  closely  set,  with  small 
granule-like  cells  amongst  them  (layer 
of  medium-sized  pyramids,  fig.  637,  3). 

4.  A  layer  of  larger  pyramidal  cells 
(superficial  large  pyramids,  fig.  637, 4). 

5.  A  layer  of  small  irregular  cells 
(small  stellate  cells,  fig.  637,  5).  The 
large  pyramids  may  extend  down 
into  this  layer. 

6.  A  layer  of  still  larger  pyramids 
(deep  large  pyramids,  fig.  637,  6).  In 
themotor  region  of  thecortex,  which  in 
man  appears  to  be  confined  to  the  pre- 
central  gyrus  and  paracentral  lobule, 
pyramidal  cells  of  very  large  size  (giant 
cells)  occur  within  this  layer,  disposed 
in  small  clusters  or  "nests"  (Betz, 
Bevan  Lewis).  The  fibres  of  the  pyra- 
mid tract  arise  from  these  giant  cells. 
In  some  parts  of  the  cortex  the  layer 
of  large  pyramids  is  either  absent  or 
is  blended  with  the  next  layer. 

7.  A  laiyer  of  medium-sized  pyra- 
midal cells  {deep  medium  pyramids, 
fig.  637,  7). 


Fio.  637.  —  Ascending  parietal  (post- 
central) CONVOLUTION,  GOLGI  METHOD. 

(Cajal.) 

1,  plexiform  layer ;  2,  small  pyramids ;  3,  medium 
pyramids ;  4,  superficial  large  mrramids ;  5, 
granules ;  6,  deep  large  pyramids ;  7,  deep 
medium  pyramids. 


7'- HE   CERElUiAL    CORTEX 


481 


Fid 


038  — DiAGKAM    SIlll\V]N(;   THE   RELATIONS    OF   SOMK    OF   THK   (JELLS    OF   THE 

cisKBBRAL  (diiTEX.  (Barker,  after  Starr,  Strong,  and  Learning.) 
1  plexiform  layer  with  horizontal  cells  of  Oajal ;  2,  small  (,Z,  e)  and  middle  size  (/)  pyramids; 
3  large  pyramids  (</,  g,  k);  also  w,  cell  with  axon  passing  towards  the  surface,  but  soon 
ramifvinff  ;  n,  v.;  cell  oT  Golgi's  second  type,  with  axon  ramifying  in  the  adjacent  grey  matter  , 
one  of  these  helings  to  the  find  termed  by  Oajal  "double^brush  ■'  cells  ;  4  polymorplious  cells 
of  which  p  sends  its  axon  towards  the  surface  and  q  its  axon  into  the  medullary  centre  ; 
5,  white  01- medullary  centre,  receiving  axons  from  cells  in  the  grey  matter,  and  including  also 
afferent  fibres  (r,  )■),  ending  in  the  grey  matter. 

31 
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8.  A  layer  of  small  scattered  cells  (fig.  638,  4),  many  of  a  fusiform  shape 
{polymorphous  layer).  This  layer  lies  next  to  the  white  centre.  In  the  island 
of  Eeil  it  is  considerably  developed,  and  is  separated  from  the  rest  of  the  grey 
matter  by  a  layer  of  white  substance.  It  is  here  known  as  the  claustrum, 
and  on  that  account  the  layer  is  termed  the  claustral  layer. 

Some  authorities  describe  the  cortex  as  consisting  only  of  three  layers,  viz. : 
the  molecular  layer,  the  layer  of  pyramids,  and  the  layer  of  polymorphous  cells  ; 
others  of  four,  five,  etc.,  up  to  nine.  As  a  matter  of  fact,  the  complexity  and  the 
number  of  distinct  layers  largely  vaiy  in  different  regions. 

Each  pyramidal  cell  has  several  basal  and  one  large  apical  dendron.  This 
process  extends  to  the  plexiform  layer,  on  approaching  which  it  breaks  up  into 
numerous  ramifications  which  have  a  general  vertical  direction  and  extend  almost 
to  the  outer  surface.  The  apical  dendron  is  beset,  both  in  its  undivided  part 
and  in  its  branches,  by  minute  spinous  projections:  similar  "spines"  may  also 
be  seen  upon  the  basal  dendrons.  These  projections  are  believed  by  some  authors 
to  be  retractile  (amoeboid)  and  to  be  the  means  of  effecting  (or  breaking)  nervous 
connexion  with  afferent  fibres  ;  since  they  are  in  some  preparations  prominent, 
in  other^  hai'dly  visible  :  sometimes  the  dendrons  are  entirely  free  from  them, 
and  have  an  even  outline  or  may  be  slightly  moniliform.  Each  pyiamidal 
cell  has  a  single  axon,  which  is  usually  directed  towards  the  medullary  centime,  of 


Fio.  639. — Sections  of  cbkebii.4i, 

CONVOLUTIONS.     (After  Baillargef.) 

Natural  size. 

a,  from  the  neighbourhood  of  the  calcarine 
fissure  with  only  one  white  line  clearly 
visible  (the  line  of  Gennari) ;  b,  ordinary 
type,  with  the  superficial  white  layer  and 
outer  and  inner  lines  of  Baillarger  shown. 


which  it  forms  one  of  the  fibres  :  but  the  axon  sometimes  curves  back  and  passes 
outwards  again,  ending  in  arborisations  in  one  of  the  other  layers.  Intermingled 
with  the  pyramids  and  polymorphous  cells  are  two  other  kinds  of  cells,  viz. : 
(1)  cells  with  axis-cylinder  process  ramifying  near  the  cell-body  :  these  occur  in 
all  the  layers  (fig.  638)  ;  and  (2)  small  cells  sending  their  axons  towards  the  plexiform 
layer  (Martinotti) :  these  are  found  chiefly  in  the  deeper  layers  of  the  grey  matter. 

From  the  white  centre  bundles  of  medullated  nerve-fibres  pass  in  vertical 
streaks  through  the  deeper  layers  of  the  grey  matter  to  lose  themselves 
amongst  the  pyramidal  cells  of  the  more  superficial  layers  (figs.  645,  648). 
Many  large  fibres,  however,  are  seen  running  not  vertically  but  obliquely 
into  the  grey  centre  from  the  white  matter.  Most  of  the  vertically  disposed 
fibres  are  the  nerve-fibre  processes  of  the  pyramidal  and  polymorphous 
cells,  and  have  taken  origin  in  the  cortex;  others,  including  the  oblique 
fibres  just  mentioned,  are  passing  into  the  cortex,  probably  from  the  thalamus, 
to  end  in  close  arborisations  amongst  the  cells  (fig.  640). 

Besides  these  vertical  strands  of  fibres  there  are  others  which  lie  in 
planes  parallel  to  the  surface  of  the  cortex,  and  which  are  derived  partly 
from  the  fibres  which  enter  the  cortex  from  the  white  matter,  partly  from 
the  collaterals  which  are  given  oflf  from  the  axis-cylinder  processes  of  the 
cortical  cells  themselves.  The  planes  in  which  these  fibres  occur  are:  (1) 
near  the  surface,  in  the  plexiform  (molecular)  layer  :  this  superficial  stratum 
of  white  fibres  is  best  marked  in  the  hippocampal  region ;  (2)  in  the  layer 
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of  medium-sized  pyramids  :  here  the  fibres  give  the  appearance  of  a  whitish 
line  in  the  section  of  the  grey  matter  (outer  line  of  Haillaryer,  fig.  639,  b). 
There  is  a  particularly  dense  plexus  of  fibres  in  this  situation  in  the  visual 
region  of  the  cortex  (all  over  the  occipital  lobe  in  animals  but  in  man 
only  in  the  convolutions  bounding  the  calcarine  fissure),  producing  a  very 
distinct  line,  kiiown  as  the  line  0/  Gennari  (fig.  639,  a).  This  plexus  of  nerve- 
fibres  is  in  intimate  association 
with  certain  (large  and  small) 
stellate  cells  which  are  character- 
istic of  the  visual  region.  (3)  In 
most  regions  of  the  brain,  in  the 
plane  of  the  layer  of  large  pyra- 
mids, another  white  line  is  seen ; 
this  is  known  as  the  inner  line  of 
Saillarger  (fig.  639,  b).  The 
planes  in  which  these  white  lines 
are  found  are  characterised, 
especially  in  the  occipital  and 
temporal  lobes,  by  the  presence 
amongst  the  pyramids  of  great 
numbers  of  very  small  nerve-cells, 
amongst  which  the  white  fibres  of 
the  layers  ramify  and  probably 
terminate.  According,  to  Cajal, 
in  the  brain  of  man  as  compared 
with  the  lower  mammals,  there  is 
a  marked  preponderance  in  the 
grey  matter  of  the  cbrtex  cerebri 
of  the  cells  with  short  axis- 
cylinder  ramifying  near  the  cell 
body.  Such  cells  are  most 
numerous  amongst  the  stellate 
cells  and  the  small  pyramids. 

The  axis-cylinder  processes  of 
the  pyramidal  cells  pass  into  the 
white  centre  (fig.  641).  Here 
some  of  them  are  continued  into 
the  corpus  callosum  and  through 
this  to  the  cortex  of  the  opposite  hemisphere  as  commissural  fibres ;  others 
form  association-fibres  which  eventually  pass  again  into  the  grey  matter  of 
other  parts  of  the  same  hemisphere ;  whilst  others  again,  especially  those 
of  the  largest  pyramidal  cells,  extend  downwards  as  projectiofi  fibres  through 
the  corona  radiata  and  internal  capsule.  These  include  the  fibres  of  the 
pyramid  tract  and  of  the  cortico-pontine  tract.  As  the  projection  fibres 
pass  through  the  grey  and  white  matter  of   the   hemisphere  they  give  off 


Fig.  640. — Peepakation  showinu  some  of 
the  apfekbnt  fibres  of  the  ascend1^'(: 

FEONTAL    GYKCS  :    HUMAK.       (Cajal. ) 

A,  part  of  second  layer ;  B,  layer  of  inediuni-sized  pyra- 
mids with  close  terminal  plexus ;  C  to  D,  inter- 
mediate plexus  of  horizontal  fibres ;  E,  deep  plexus 
of  large  oblique  afferent  fibres ;  a,  &,  afferent  fibres 
arborising  in  the  layer  of  middle  pyramids,  amongst 
which  they  form,  along  with  fibres  derived  from  cells 
in  the  cortex  itself,  the  dense  plexus  which  is  shown 
in  the  left  half  of  the  figure.  The  efferent  fibres  are 
not  shown  in  this  figure. 
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collateral  fibres  to  the  adjacent  grey  matter,  to  the  corpus  callosum,  and 
to  the  corpus  striatum  and  optic  thalamus,  and  some  probably  end  in  these 
masses  of  grey  matter. 


Fig.  641. — Diagram  to  illustkate  thk  origin  and  course  of  the  association, 
commissural  and  projection  fibres  of  the  cerebral  cortex.     (cajal.) 

A,  commissural  fibres  connecting  cells  of  the  motor  cortex,  M,  with  the  opposite  hemisphere ; 
B,  commissural  fibres  connecting  the  opposite  sensory  regions  of  the  cortex ;  O,  cells  in  basal 
ganglia  givmg  origin  to  descending  fibres  and  receiving  collaterals  from  projective  fibres ; 
H,  of  the  cells  of  the  motor  cortex ;  D,  E,  endings  of  commissural  fibres  in  grey  matter ; 
F,  G,  endings  of  association  fibres  in  grey  matter ;  I,  a  projective  fibre  from  sensory 
(hippocampal)  cortex ;  a,  b,  c,  collaterals. 


The  neuroglia  of  the  cortex  cerebri  like  that  of  the  cerebellum  contains 
three  types  of  glia-cell,  viz. :   spider  cells,  arborescent  cells,  and  cells  the 


Fig.  642.— Neuboglia-cells  op  cortex  cerebri  ;  Golgi  method. 
(G.  Retzius.) 
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body  of  which  is  placed  near  the  surface  while  the  processes  extend  for 
a  considerable  distance  vertically  into  the  grey  matter  (fig.  642).  The 
ependyma  cells  of  the  ventricles  are  prolonged,  like  the  cells  of  the  central 
canal  of  the  cord,  in  the  form  of  long  neuroglia-like  fibres  far  into  the 
adjacent  grey  matter. 

Special  features  of  certain  parts  of  the  cortex. — There  is,  as  already 
stated,  a  great  amount  of  variation  met  with  in  the  relative  extent  of 
development  of  the  above  layers.  This  is  exemplified  in  the  accompanying 
drawings  by  Cajal  (figs.  643  to  648)  of  convolutions  of  the  human  brain. 
From  these  it  will  be  seen  that  smaller-sized  cells  prevail  in  certain  regions 
of  the  cortex  (occipital,  temporal) ;  larger  and  fewer  cells  in  others  (frontal, 
parietal,  limbic).  Nests  or  groups  of  "giant"  cells  are  characteristic  of  the 
"motor"  region  (precentral  gyrus  and  paracentral  lobule  in  man  and 
anthropoid  apes) ;  these  cells  give  origin  to  the  fibres  of  the  pyramid  tract, 
and  undergo  Nissl  degeneration  when  those  fibres  are  severed  (Page  May). 
The  occipital  region  (in  man,  the  neighbourhood  of  the  calcarine  fissure)  is 
especially  characterised  by  containing  a  great  number  of  the  small  stellate 
cells  and  by  the  presence  in  the  layer  superficial  to  these  of  a  stratum  of 
very  large  stellate  cells  with  long  spreading  dendrons  (fig.  646,  4) :  amongst 
these  small  and  large  stellate  cells  the  optic  fibres  from  the  lateral 
geniculate  bodies  ramify.  A  preponderance  of  small  stellate  cells  is  also 
seen,  but  to  a  less  extent,  in  sections  of  the  temporal  lobe.  In  the  prefrontal 
and  parietal  regions  they  are  less  numerous,  and  least  in  the  motor  cortex. 
The  first  temporal  gyrus  is  characterised  by  the  presence  in  nearly  all  the 
layers,  but  especially  the  deepest,  of  special  large  cells  with  widely  spreading 
dendrons  and  an  axon  passing  towards  the  white  substance  but  giving 
off  many  collaterals  in  the  grey  matter.  There  are  also  in  this  gyrus 
very  many  cells  with  their  axons  ramifying  in  a  most  complex  manner 
near  the  cell-body,  mainly  in  a  plane  vertical  to  the  surface.  The  hippo- 
campal  gyrus  has  groups  or  islets  of  stellate  cells  (groups  of  small  cells 
alternating  with  groups  of  larger)  in  the  plexiform  layer.  The  cortex  of 
the  insula  has  special  cells  similar  to  those  in  the  first  temporal  gyrus, 
and  is  further  characterised  by  the  peculiar  spindle-shape  of  many  of  the 
large  pyramids. 

The  size  and  number  of  the  medullated  fibres  of  the  grey  matter  vary 
in  different  regions.  ^  In  some  they  are  large  and  numerous  (motor  part  of 
frontal  lobe,  calcarine  area,  hippocampal  area),  in  others  fine  and  much  less 
conspicuous  (gyrus  fornicatus,  temporal  area,  parietal  area,  prefrontal  area, 
insula  and  lobus  pyriformis),  whilst  an  intermediate  condition  presents  itself 
in  the  occipital  area  (except  the  calcarine  region),  the  transverse  temporal 
gyri  and  superior  temporal  gyrus,  and  the  part  of  the  frontal  immediately  in 
front  of  the  motor  region.    These  differences  have  been  employed  by  Campbell 

'  Bxoept,  perhaps,  in  the  bundle  of  Lissauer  in  the  cord  there  are  no  non-medullated 
fibres,  in  the  central  nervous  system,  exclusive  of  a  few  which  pass  to  the  membranes 
and  blood-vessels  from  the  sympathetic  chain  of  ganglia, 
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Fui.  MS.  Fig.  644. 

Fig.  643. — Section  of  post-centbal  gyrus  of  man,  stained  by 
Nissl's  MBTirOD.     (Cajal.) 


Fig.  645. 


1 ,  plexif orm  layer ;  2,  small  pyramids ;  3,  medium  pyramids ;  4,  superficial  large  pyramids ; 
5,  small  stellate  cells  (granules) ;  6,  deep  large  and  medium  pyramids ;  7,  fusiform  cells. 

Fig.  644.— Section  of  peecentbal  gyrus  (motor  cortex),  stained 
BY  Nissl's  method.     (Cajal.) 

1  to  6  as  before ;  a,  c,  small  cells  amongst  the  pyramids ;  b,  a  large  pyramid ;  d,  a  giant 

cell  of  Betz. 

Fig.  645. — Section  of  one  of  the  motor  convolutions  (man), 

STAINED   BY   WbIGERT-PaL   METHOD.      (Cajal.) 

Only  tlie  nerve-fibres  are  seen  in  this  preparation. 
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Fio.  646. — Calcarine  (visual)  cortex  of  man.     (Cajal.)     Nissl's  method. 

1,  plexifomi  layer ;  2,  small  pyramids ;  3,  medium  pyramids  ;  4,  large  stellate  cells  (characteristic 
of  this  part  of  the  cortex) ;  5,  small  stellate  cells ;  6,  a  deep  plexiform  layer,  containing  some 
small  pyramids ;  7,  large  pjTamids ;  8,  layer  of  small  and  medium  pyramids  with  bent  ascend- 
ing axons ;  9,  fusiform  cells. 

Fig.  647. — Section  of  first  temporal  gyrus  (acoustic  cortex)  of  man, 
stained  by  Nissl's  method.     (Cajal.) 

1,  plexiform  layer  ;  2,  layer  of  small  pyramids  ;  3,  superficial  medium  pyramids  ;  4,  large  pyramids  ; 
5,  small  stellate  cells  ^anules) ;  6,  deep  medium  pyramids ;  7,  fusiform  cells. 

Fifi.  648. — Section  of  the  first  temporal  gyrus  (man),  stai^'ed  by 
Weigeet-Pal  method.     (Cajal.) 

Only  the  nerve-fibres  are  seen  in  this  prep.aratioii, 
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in  an  attempt  to  differentiate  the  functions  of  the  various  cerebral  regions 
by  a  comparison  of  their  structure.^ 


THE  jRHINENCEPHALON. 

The  rhinencephalon  (olfactory  region  of  the  telencephalon),  on  account  of 
the  peculiarities  of  its  structure,  its  importance  in  most  animals,  and  the 
fact  that  it  has  been  the  part  of  the  telencephalon  to  appear  first  in  phylo- 


Fl«.    649.— Hl'TEUFICTAL   7,AYERS    OF    MOTCIU    CORTEX  OF  CHILD  :    fiOLl.'I    METHOD.       (Cajal. ) 

A,  B,  C,  cells  of  Oajal  in  plexiforin  layer  ;  D  to  K,  cells  of  type  ii.  of  Golgi  (witli  axons 
ramifying  neai' cell-linrly) ;  H,  .1,  *' double-brush"  types  of  cell. 


genetic  development,  merits  a  special  description,  although  in  man  and 
Primates  generally,  and  in  some  other  (microsmatic)  mammals,  it  is  reduced 
to  a  comparatively  rudimentary  condition.  In  the  so-called  osmatic 
(macrosmatic)  maViimals  the  rhinencephalon  consists  of  a  large  hollow 
olfactory  bulb,  the  ca\'ity  of  which  communicates  with  the  lateral  ventricle. 
It  forms  the  anterior  termination  of  a  thick  olfactory  lobe  which  broadens 
out  behind  and  becomes  continuous  with  the  hippocampal  gyrus  and  hippo- 
campius.     The  whole  forms  a  pyriform  mass,  which  is   separated  from  tlie 

^  For  further  details  regarding  the  cells  and  fibres  of  different  regions  of  the  cortex 
and  the  special  characters  of  the  several  regions  see  the  volume  of  Qmdii'x  Awxtomy 
dealing  with  Neurology. 
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rest  of  the  cortex  by  a  well-marked  fissure— the  l%mh%G  fissure — and  has 
special  connexions  through  the  anterior  commissure  and  fornix  with  other 
parts  of  the  brain  on  the  same  and  on  the  opposite  side. 


Fig.  651. 


Fid.  650.  — Srotion  across  the  iiippooampus  major,  dentate  fissure, 

DEN'J'ATE  FASOIA  AND  FIMBRIA.  (W.  Krause, ) 
r>,  fascia  dentata,  or  dentate  convolution  ;  E,  fimbria^  composed  of  longitudinal  fibres  here  cut 
across ;  H,  medullary  centre  of  the  hippocampal  {fyrus  prolong-ed  around  the  hippocampus,  as 
the  so-called  alveus,  into  the  fimbria;  1,  layer  of  large  pyramidal  cells;  2,  their  processes 
'  (stratum  radiatum) ;  3,  stratum  granulosum  ;  4,  plexiform  layer  (stratum  laciniosum) ;  6,  super- 
ficial white  layer  ;  0,  nerve-calls  of  fascia  dentata  ;  7,  stratum  granulosum  of  fascia  dentata  ;  S, 
termination  of  superficial  white  layer,  its  fibres  becoming  longitudinal. 

Fid.  651.— Hippocampal  REfiioN  :  Golgi  method.     (Cajal.) 

A,  B,  hippocampal  gyrus ;  C,  hippocampus  major ;  D,  dentate  gyrus  ;  E,  fimbria ;  F,  white  matter 
of  hippocampal  gyrus;  O,  in  lateral  ventricle;  the  line  points  to  the  crossed  spheno-hippo- 
campal  bundle  ;  H,  fibres  of  corpus  callosum. 

a,  efferent  fibres  of  hippocampal  gyrus;  h,  afferent  fibres  of  hippocampal  gyrus;  c,  afferent 
fibres  of  hippocampus  and  dentate  gyrus ;  d,  others  perforating  grey  matter  of  hippo- 
campal gyrus ;  e,  others  cut  obliquely ;  /,  fibres  of  alveus ;  ^,  A,  cells  of  hippocampus  major 
sending  their  axons  into  the  alveus  and  towards  the  fimbria;  i",  /;,  collaterals  from  these  axons 
passing  to  the  molecular  layer ;  r,  collateral  fibres  of  alveus.  The  arrows  indicate  the  probable 
course  of  the  nerve  impulses. 

In  man  the  rhinencephalon  consists  anteriorly  of  the  small  olfactory  hull 
from  which  the  thin  olfofCtory  tract  extends  backwards  to  the  grey  matter  at 
the  base  of  the  brain  and  to  the  hippocampal  region.  Posteriorly  the  cortex 
of  the  rhinencephalon  is  doubled  in  so  as  to  form  a  projection  (hippocampus 
)?iq/or)  in  the  descending  cornu  of  the  lateral  ventricle:  its  edge  here  thins 
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off  and  is  continued  merely  as  a  thin  layer  of  epithelium  covering  the 
choroid  plexus  of  the  pia  mater,  which  is  invaginated  into  the  ventricle.  At 
this  thin  edge  the  white  matter  comes  to  the  surface  as  'Cob:  fimhria  which  is 
continued  on  each  aide  into  the  commissural  band  known  as  ^e,  fornix.  Lying 
along  the  fimbria  is  the  small  and  half-concealed  dentate  gyrus,  which  is 
formed  by  the  sharp  bending  of  the  grey  matter,  and  is  traceable  round  into 
the  hippocampus  major,  the  hippocampal  fissure  being  between  them :  the 
hippocampus  major  is  continuous  externally  with  the  gyrus  hippoeam/pi. 
The  olfactory  tract  is  connected  directly  with  the  hippocampal  region  by 
a  lateral  root,  whilst  a  mesial  root  passes  into  the  anterior  commissure  and 
forms  a  connexion  with  the  rhinencephalon  of  the  opposite  side.  The 
structure  and  connexions  of  all  these  parts  as  they  occur  in  man  may  bo 
briefly  given. 

In  the  region  of  the  hippocampus  major  (figs.  650,  651)  the  cortex  is 
simpler  in  structure  than  elsewhere,  and  in  the  hippocampus  major  itself, 
which  is  an  infolded  part  of  the  cortex,  the  pyramids  are  reduced  to  a  single 
layer  of  large  cells  lying  in  the  deeper  portion  and  sending  their  apical 
dendrons  as  long  fibres  into  the  plexiform  layer.  The  plexiform  layer  and 
the  superficial  white  stratum  which  overlies  it  are  both  very  strongly 
marked,  the  plexiform  layer  having  a  distinctly  reticular  aspect,  due  partly 
to  neuroglia-cells,  partly  to  the  arborescence  of  the  dendrons  of  the  pyramids. 
The  plexiform  layer  is  here  termed  stratum  laciniosum ;  internal  to  it  near 
the  dentate  gyrus  is  a  layer  of  closely  packed  small  cells  termed  stratum 
granulosum.  The  pyramidal  cells  lie  close  to  a  white  layer  known  as  the 
alveus.  This  is  the  part  of  the  hippocampus  seen  within  the  ventricle,  and 
represents  the  white  matter  of  tbe  hemisphere,  here  greatly  attenuated.  The 
alveus  is  prolonged  externally  into  the  fimbria,  in  which  its  fibres  become 
longitudinal  in  direction  and  are  continued  into  part  of  the  fornix. 

In  the  dentate  gyrus  {fascia  dentata,  figs.  650,  651)  the  pyramidal  cells 
(6)  are  arranged  in  an  irregularly  radiating  manner.  They  occupy  the 
centre  of  the  convolution,  and  are  surrounded  by  a  ring  of  closely  packed 
small  cells  {stratum  granulosum  of  fascia  dentata,  fig.  650,  7).  External  to 
these  small  cells  is  a  thick  plexiform  layer  {stratum  laciniosum). 

The  anterior  part  of  the  hippocampal  gyrus,  which  is  known  as  the  lobus 
pyriformis,  and  receives  the  lateral  root  of  the  olfactory  tract,  is  characterised 
by  the  presence  in  the  plexiform  layer  of  peculiar  nests  of  nerve-cells.  The 
cells  in  these  nests  are  of  two  types,  viz.,  large  polymorphous  cells  and  small 
pyramidal  cells,  each  being  confined  to  its  own  nest.  This  part  of  the  cortex 
is  regarded  by  Cajal  as  the  true  olfactory  region.  In  some  animals  the 
anterior  perforated  space  forms  a  distinct  prominence  of  the  cortex  (tuber- 
culum  ■  olfactorium)  and  this  is  also  characterised  by  cell-nests  {islets  of 
Galleja).     They  also  occur  in  the  cortex  of  the  hippocampal  fissure. 

The  olfactory  tract  is  an  outgrowth  of  the  brain  which  was  originally 
hollow,  and  remains  so  in  many  animals ;  but  in  man  the  cavity  has  become 
obliterated,  and  the  centre  is  occupied  by  neuroglia,  containing  no  nerve-cells, 
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Outside  the  central  neuroglia  lies  tli(>  \\lntc  nr  incdulhirv  siilist:ini-e,  ennsist- 
ing  of  bundles  of  longitudinal  white  fihres.  Most  externally  is  a  thin 
superficial  layer  of  nem'oglia. 

The  olfactory  htiJh   (fig.  652)  has  a   more  eonijilicated  structure  tlian  the 
tract.      Dorsally    there    is    a    Hattened    ring  of    longitudinal    white   ))undles 
enclosing  neuroglia  (1,    2,   3),  as  in  the  olfactory  tract,   but  lielow  this  ring 
.several     layers    are    recog- 
nised as  follows  : — 

1.  A  lohiti'  or  medul- 
lary layer  (fig.  652,  4,  5), 
characterised  bv  the  pre- 
sence of  a  large  number  of 
small  cells  ("  granules  ") 
with  reticulating  bundles 
of  meduUated  ner\c-fibres 
r  u  n  n  i  n  g  1  o  n  g  i  t  u  d  i  n  a  1 1 V 
between  them. 

2.  A  layer  of  I  urge 
nerve-relh  (6),  with  smaller 
ones  ("  grainiles  ')  inter- 
mingled, the  wdiole  em- 
bedded in  an  interlacement 
of  fibrils  which  are  mo.sth' 
derived  from  the  cell-rlen- 
drons.  From  the  shape  of 
most  of  the  large  cells  of 
this  layer  (fig.  65.3,  vi.c.) 
it  has  been  termed  the 
"mitral"  lavei'.  These 
cells  send  their  axons  up- 
wards into  the  next  layer, 
and  they  eventually 
become  fibres  of  the 
olfactory  tract  and  pass 
alrmg  this    to    the  base  of 

the  brain,  giving  oft'  numerous  collaterals  into  'the  bulb  as  they  run 
backwards. 

3.  The  layer  of  olfactory  i/lomeruli  (fig.  652,  7;  fig.  653,  i/I.).  This 
consists  of  rounded  nest-like  interlacements  of  filirils  which  arc  derixed  on 
the  one  hand  from  the  terminal  arborisations  of  the  non-medullated  olfactory 
fibres  which  f(jrm  the  subjacent  layer,  and  on  the  (jther  hand  from  arliorisa- 
tions  of  dendrons  of  the  large  "mitral  "  cells  of  the  layer  al)ove.  There  are 
also  a  few  small  neiwe-cells  immediately  external  to  and  extending  within  the 
glomeruli  (perigiomei-ular  cells).  These  are  s1i(]it  axoned  cells  and  appear  to 
ctmnect  neighbouring  glomendi. 


Vii 


.  (152.  —  Sectton  .vckiiss  .\  i-Airi'  of  tmk  olf.xctorv 
BT'Li;.      (Heule.) 

Imndles  of  \-er.v  fine  tr.ans\-erse!\"  cut  nerve-fibi-es,  foriniiii,^ 
the  flattened  niedullai'y  ring,  enelosiiig  tlie  centra]  nenrnglia, 
'J  :  tlii«  ring  i.f  the  .interior  continuation  of  the  olfactor.\ 
tract ;  4,  fi,  wfiite  layer  with  numerous  .small  cells  (grarniles) ; 
(i,  mitral-cell  layer  ;'  7,  Ia.\-er  of  nlfactnr\'  glomeruli  ;  .s,  layer 
of  olfactory  nerve-fibres,  liunftles  of  which  are  seen  at  ^ 
]ias,sing  through  the  {■rihrifnrni  ]ilate  of  the  ethmoid  hone. 
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L  The  layer  of  olfactory  nerve-fibres  (fig.  652,  8;  fig.  653,  olf.n.).  These 
are  all  non-medu Hated,  and  are  continued  from  the  olfactory  fibres  of  the 
olfactory  miicous  memjsrane  of  the  nasal  fossse.  In  this  mucous  membrane 
they  take  origin  from  the  bipolar  olfactory  cells,  which  are  characteristic  of 
the  membrane  (see  Lesson  XLTX.,  fig.  696),  and  they  end  in  arborisations 
within  the  olfactory  glomeruli,  where  they  come  in  contact  with  the  arbor- 
isations of  the  mitral  cells.  The  relations  of  the  olfactory  cells  and  fibres  to 
the  mitral  cells,  and  the  continuation  of  the  axis-cylinders  of  the  latter 
upwards  and  backwards  in  the  olfactory  tract,  are  shown  in  the  accompany- 


Fie.  653. — Diagram  to  show  the  relations  or  cells  and  fibres  in  the 

OLFACTORY    BULB. 

olf.Gt  olfactory  cells  in  the  olfactory  mucous  membrane,  sending^  their  basal  processes  as  (non- 
medullated)  nerve-fibres  into  the  deepest  layer  of  the  olfactory  bulb  {olf.n.) ;  gl.,  olfactory 
glomeruli  containing^  the  terminal  arborisations  of  the  olfactory  fibres  and  of  processes  from 
the  mitral  cells;  twc,  mitral  cells,  sending  processes  down  to  the  olfactory  glomeruli,  others 
laterally  to  end  in  free  ramifications  in  the  nerve-cell  layer,  and  their  axis-cylinder  processes, 
ft,  ft,  upwards,  to  turn  sharply  backwards  and  become  fibres  of  the  olfactory  tract  {n.tr.). 
Numerous  collaterals  are  seen  coming  off  from  these  fibres  ;  7t',  a  nerve-fibre  of  the  olfactory 
tract  ending  in  a  free  ramification  in  the  olfactory  bulb. 

ing  diagrams  (figs.  653,  654).  Besides  the  centripetal  nerve-fibres  there  are  a 
certain  number  of  centrifugal  fibres  which  end  by  ramifying  in  the  olfactory 
bulb  amongst  the  mitral  cells. 

As  shown  in  fig.  654-,  many  of  the  fibres  of  the  olfactory  tract  pass  to  the 
hippocampal  region  of  the  brain,  terminating  by  arborescence  in  the  grey  rpatter 
(molecular  layer)  of  the  base  of  the  olfactory  lobe  in  the  region  of  the  anterior 
perforated  space,  as  well  as  in  that  of  the  uncus  and  the  hippocampal  gyrus. 
Fibres  are  also  given  off  from  the  olfactory  tract  to  the  anterior  commissure 
which  proceed  to  the  opposite  tract  and  bulb.  Besides  these  the  anterior 
commissure  contains  many  fibres  which  are  passing  from  the  hippocampal 
region  on  one  side  to  the  corresponding  region  on  the  opposite  side  of  tVie 
brain.     From  the  pyramid-cells  of  the  base  of  the  olfactory  lobe  and  hippo- 
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Ciiinpal  gyrus  liluvs  pass  t(i  tlio  grey  matter  (if  tlic  hippocaiiipiis,  and  from 
the  pyraniid-erlls  of  the  liipp(jcaiiipus  others  proceed  by  way  of  the  finiliria 
and  fornix  to  the  hippocampus  of  the  other  side,  to  the  subcaUosal  gyrus  and 
septum  pelhici(him,  to  the  ganglion  of  the  habenula,  and  finally  by  the 
anterior  pillar  of  the  fornix  to  the  c(jrpora.  mammillaria. 


coMMissunc  or 


Fii;.  654. — DiAoKAM  (ik  'nii',  ^l,l^^("nlK^  r\'rii  in  Tnio  i;i;ain.  'I'd  simplify  the 
(lia^'riiin  lliu  various  iliviu'it-iitiiins  of  tlio  ulfaeldiy  )i.itli  Iluvo  liei'ii  represented 
Ijy  braiioliiiigs  of  iudividual  tiliivs,  altliougli  in  soiin'  cases  Ulc  divergence  is 
brought  about  by  tlie  turning  aside  of  bundles  of  entire  iiiln-es. 

CDia'US    STKIATtJ?it. 
]jesides  the  grey  matter  of  the  cereliral  cortex   the  cerebral  heunspheres 
conceal  in  their  deeper  parts  certain  other  masses  of  griy  suljstaiice  (Hgs.  655, 

l''i(;.     fi55. — T);ans\'I':i;se     sior- 

TION      TIIKorol]       TUE      rKKK- 

VAivyi  IN  Tin;  ioccion  oi- 
THE  .■\HhLiij':  <MM.\nssrj:i':. 
Natural  size. 

c.c,  cdriins  I'allosniii  ; ,/',  furuix  ;  //.c, 
niick'U^  c;ui(l;Uiis;  tit,  th.ihuniis  ; 
.<.t.y.,  siilitti;ilaiiii<'  rcu'iuii  ;  f/.. 
cnista  I'assiiij.^  into  iiiteinaj  <;i]i- 
Milc  ;  .s'.*(.,  suljshinl  i;t   ni'/ru  :  ti,   <\ 

/,  ViU-icills  IHlrjcj  ,,f  tli.'iiiuiills  ;  „. 
its  lattirnl  la\ri'  ;  /.  .',  .;,  |iails  .if 
sul.Mialaniiis;  „./.,  iinrlriis  IniM- 
riilaris;  cc,  cvtrinal  i-aiiKiilr  ;  <■/., 
rliiiislruiii  ;  /.  iiiMilii  ;  iiij-..  .iii.l.lN 
riMiiniisMirL';  al.oM.  ini.l  bel.ns  il  is 
Hic  Ihinl  Mjiifrii-lr,  r.Hiiirimii'aliii- 
alK.M;  .Jl,  L-arh  s|.|,.  thri.ii^ii  llic 
f.iraiii./ii  of  .\I.,nn.  uilh  the  l.ilio-.il 
vunlri.-lr.  Ifrlow  Ihr  fnniiX  :,),■ 
srrii      II,,.      ,-||,,nii,|       |,l,;\lls,js;      t.«.. 

slria  Ua'lniiialis. 

(i56).  The  prificipid  of  thes<'  .are  tlie  i-or/ms  .s/riti/iuii.  ( iiiir/riis  niiidiUns,  ii.r., 
and  imclriis  /rn/irii/nris,  ii.l.)  ;ind  lhiiliiiiui>i  {lli-).  fSetween  them  run  thi' 
bundles  of  white  fibres  which  arc  passing  di.iwnwanls  to  the  crus  cercl)ri, 
formhig  a  white  lannna  termed  the  iiilmidl  vcjisnh-.  Abo\'e  the  level  of 
these  nuclei   the  internid   cajisule  expands  into  the   iiieduljary  centre  of  the 

hemisphere.       Below    the    tlialaiiii    ari'    the     pr inent    ganglia,    km.iwn    as 

corpora  tdhiriinliit  or  inoiiunAllio-iK.  Of  these  the  optic  thalaiiii  and  corpora 
mam  mil]  alia  have  already  been  noticed. 

The  mide/us  caudatua  of  the  corpus  striatum   is  coiuposed   of  a  reddish- 
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grey  sulistaiiee  roiitaiiiiiif;-  nerve-cells  some  with  long,  others  with  short 
axon-processes  ;  sonic  of  the  cells  with  long  processes  Ijeing  very  large.  It 
receives  fibres  from  the  part  of  tlie  internal  capsule  which  separates  it  from 
the  nucleus  lenticularis.  Next  to  the  lateral  ventricle  it  is  covered  hy  a  thin 
layer  of  neuroglia,  and  over  this  by  the  epithelium  of  the  cavity  (epeudynia). 
The  imfleiu<  lenticularis,   which  coi'responds  in  position  internally  with 

the  island  of  Reil  externally,  is 
divided  by  two  white  laminae  into 
three  zones.  Tt  is  sejjarated  from 
the  nucleus  caudatus  and  optic 
thalamus  Ijv  the  internal  capsule 
(i.e.),  which  c< insists  of  the  bundles 
of  metlullary  fibi'es  which  are  pass- 
ing between  the  white  centre  of  the 
)iemi.sphei-e  and  the  crus  cerebri.  It 
i-eceives  on  its  inner  side  many 
white  fibres  from  the  capside  ;  these 
iiiijiart  to  it  a  radially  striated 
aspect.  Many  of  the  nerve-cells  of 
the  nucleus  lenticularis  contain 
yellow  pigment.  The  fibres  of  tbe 
ansa  lenticularis  (p.  472)  appear  to 
arise  from  some  of  them,  but  the 
exact  coui'se  and  destination  of 
tliese  fibres  is  not  known. 

The  ititernal  capside  {i.e.)  is  con- 
tinued below  into  the  crusta.  It 
consists  mainly  of  projection-fibres, 
which  are  connected  with  the  cortex 
cerebri,  and  are  passing  to  or  from 
the  corpus  striatum,  thalamus,  mid- 
brain, pons,  medulla  oblongata,  and 
spinal  cord.  A  horizontal  section 
across  the  internal  capsule  (%.  656) 
sIkiws  it  to  be  bounded  laterally  by 
the  lenticular  nucleus,  mesially  by 
the  caudate  nucleus,  the  stria  medul- 
laris,  and  the  thalauuis.  .Such  a  section  shows  a  sharp  bend  in  the  plane  of 
the  capsule— the  genii.  Tlie  tibi-es  from  the  motor  region  of  the  cortex 
(p)iami.i  tiact)  pass  dc^^^'n  in  the  j.art  of  the  capsule  extending  from  the 
genu  as  far  as  the  posterior  Hmit  of  the  lenticular  nucleus.  In  this  area  the 
fibri's  foi-  the  head  and  eyes  are  massed  chiefly  in  the  anterior  part  :  those 
for  tliel.,wer  Hnib  in  the  posterior  part,  while  those  for  the  face,  arm,  and 
trunk  (icrupy  intermediate  positions  fi-om  before  backward,  in  the  order  named 
(He.:\or  and  H...isley),  but  without  Ijcing  strictly  confined  to  definite  zones. 


FlO.  5.')t). — HoKlZONT.iL  SECTION  THRllUliH 
THE      TH.IL.AJIUS      .\M1      CDKCUS      STKHTUM. 

Natuiul  size. 

''./..  htterul  \eritriuli:;,  its  aiitei-ior  cormi  ;  c.c,  iTiCims 
'■allosuni  ;  t<.l.,  sejituiu  pelliicidum  ;  a.,/'.,  anterior 
liijlui's  of  tile  fornix;  /;J.  tliir<l  \entriL-le  ;  tli,  thala- 
mus; *(.,  stria  nnjdnllaris  :  n.c.  nucleus  eaiidatus, 
and  n.l.,  nucleus  leiitirulai'is  of  tlie  corpus  striatum  ; 
t.r..  interna]  capsule  ;  g,  its  anij-le  or  ^a-nu  ;  ii.c'..  tail 
of  the  nucleus  caudatus  aiipeariny  in  the  flescenrlinj;- 
cornu  of  the  lateral  \'entricle  ;  cl.,  claustrum  ;  I, 
insula. 
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The  fibres  from  the  cortex  to  the  thalamus  lie  mainly  in  the  anterior  limb 
of  the  internal  capsule,  while  the  afferent  fibres  from  the  thalamus  to  the 
cortex  occur  in  the  posterior  part  of  the  posterior  hmb ;  but  they  extend 
forwards  so  as  to  mingle  with  the  descending  fibres  of  the  pyramid  tract. 

MEMBRANES  OF  THE  BRAIN. 
The  membranes  of  the  brain  (fig.  657)  are  similar  in  general  structure 
and  arrangement  to  those  of  the  spinal  cord  with  which  they  are  continuous 
through  the  occipital  foramen.  The  dura  mater  is,  however,  more  closely 
adherent  to  the  inner  surface  of  the  bony  enclosure  than  is  the  case  in  the 
vertebral  canal,  while  the  arachnoid  is  in  most  places  close  to  the  dura  mater, 
and  separated  from  the  pia  mater  by  a  wide  subarachnoid  space,   which 


Fig.  657. — Sbctioh  THBOutiH  the  rrppER  part  op  thk  bkai.n  to  show  the 
RELATIONS  OF  ITS  MEMBRANES.  (Axil  Key  and  Gustaf  Retzius. ) 
C.C.,  corpus  callosum ;  /,  great  longitudinal  fissure  between  the  hemispheres  containing  the 
projection  of  dura  mater  known  as  the  falix  cerebri;  s.a.,  subarachnoid  space  between  pia 
mater  which  closely  covers  the  surface  of  the  brain  and  dura  raater  which  lines  the  skull. 
The  arachnoid  is  in  this  part  close  to  the  dura  mater  into  which  and  into  the  great  longitudinal 
venous  sinus  in  the  middle  it  sends  villous  projections  (Pacchionian  glands). 

•  is  bridged  across  by  finely  reticulating  bands  of  areolar  tissue.  In  the 
vicinity  of  the  longitudinal  sinus,  small  rounded  elevations  (arachnoidal  villi, 
Pacchionian  glands)  project  into  the  dura  mater,  and  even  become  embedded 
in  the  skull  itself.  The  pia  mater  is  closely  adherent  to  the  surface  of  the 
brain,  and  dips  into  all  the  sulci,  but  without  forming  actual  folds  (Tuke).  In 
it  the  blood-vessels  ramify  before  passing  into  the  substance  of  the  bi-ain,  and 
they  are  accompanied,  as  they  thus  enter  the  cerebral  substance,  by  prolonga- 
tions of  the  pia  mater,  which  do  not,  however,  closely  invest  them,  but  leave 
a  clear  space  around  each  vessel,  presumably  for  the  passage  of  lymph  (peri- 
vascular space).  The  capillary  network  is  much  closer  in  the  grey  than  in 
the  white  matter.  The  larger  veins  are  enclosed  by  two  layers  of  the  dura 
mater,  within  which  they  run  in  certain  parts  in  the  form  of  sinuses ;  the 
chief  of  these  are  found  at  the  lines  of  junction  of  the  principal  folds  (falx, 
tentorium)  with  the  main  portion  of  the  membrane. 
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LESSONS   XLVL,   XLVIL,  AND   XLVIII. 
THE  EYE. 

1.  Sections  of  tlie  eyelid  vertical  to  its  surfaces  and  across  its  long  axis. 

Notice  the  long  sacculated  Meibomian  glands  lying  in  dense  conneutive  tissue 
close  to  the  conjunctival  surface,  their  ducts  opening  at  the  margin  of  the  lid. 
External  to  these  the  small  fibres  of  the  orbicularis  palpebiarum  ai'e  cut  across  ; 
a  few  of  the  fibres  of  the  muscle  lie  on  the  conjunctival  side  of  the  duct.  A  shoit 
distance  from  the  Meibomian  gland  may  be  observed  a  tolerably  large  sebaceous 
gland :  outside  this  again  are  the  eyelashes.  In  the  skin  covering  the  outer 
surface  of  the  eyelid  a  few  small  hairs  may  be  seen.  At  the  attached  part  of  the 
eyelid  are  some  bundles  of  involuntary  muscular  fibres  cut  longitudinally  in  the 
section,  and  in  the  upper  eyelid  the  fibi'ous  insertion  of  the  elevator  muscle  may 
be  observed  attached  to  the  dense  connective  tissue. 

Make  a  geneiul  sketch  under  a  low  power. 

2.  Sections  through  the  posterior  part  of  an  eyeball  (man  or  pig).  These  sections 
will  show  the  I'elative  thickness  of  the  several  coats  and  the  layers  of  which  each 
coat  is  formed.  Sections-'which  pass  through  the  point  of  entrance  of  the  optic 
nerve  will  also  exhibit  the  manner  in  which  the  nerve-fibi't.s  pierce  the  several 
coats  to  reach  the  inner  surface  of  the  I'etina.  The  modifications  which  are  found 
in  the  neighbourhood  of  the  yellow  spot  may  be  made  out  in  sections  through 
that  region  ;  but  they  must  be  taken  from  the  human  eye. 

3.  Sections  of  the  anterior  half  of  an  eyeball.  These  sections  should  pass 
through  the  middle  of  the  cornea.  The  lens  may  be  left  in  situ,  but  this  renders 
the  preparation  of  the  sections  and  the  mounting  of  them  difficult  on  account  of 
the  extreme  hardness  which  is  imparted  to  the  lens-tissue  by  alcohol.' 

In  these  sections  make  a  geneial  sketch  undei'  a  low  powei',  showing  the 
relations  of  the  several  pai-ts  one  with  another  ;  and  study  carefully,  and  sketch 
in  detail,  the  layers  of  the  cornea,  the  junction  of.  the  cornea  and  sclerotic,  the 
ciliary  muscle,  the  muscular  tissue  of  the  iris,  the  mode  of  suspension  of  the  lens, 
and  the  pars  ciliaris  retinse. 

4.  Mount  in  glycerine  thin  tangential  sections  of  a  cornea  stained  with  chloiide 
of  gold  by  Cohnheim's  method  ;  if  fiom  the  frog,  the  cornea  can  be  toin  with  fine 
forceps  into  thin  lamellae,  which  are  mounted  whole.  Sketch  three  or  four  of 
the  connective-tissue  cells  (corneal  corpuscles).  The  anangement  and  distribution 
of  the  nerve-iibres  and  their  termination  amongst  the  epithelium-cells  as  shown  " 
in  chloride  of  gold  preparations  have  been  already  studied  (Lesson  XIX.). 

5.  Mount  in  glycerine  or  dammar  sections  of  a  coi'nea  which  has  been  stained 
with  nitrate  of  silver.  Notice  the  branched  cell-spaces  corresponding  with  the 
connective-tissue  cells  of  the  last  preparation. 

This  preparation  is  best  made  by  rubbing  the  surface  of  the  cornea  of  a 
recently  killed  animal  with  lunar  caustic,  first  scraping  off  the  epithelium  with 
a  scalpel.  After  tsn  minutes  (by  which  time  the  nitrate  of  sih'er  will  have  pene- 
trated the  thickness  of  the  cornea)  the  eye  is  washed  with  distilled  water,  and 
exposed  to  the  light.  When  brown,  tangential  sections  may  be  made,  for  which 
purpose  the  stained  cornea  may  be  hardened  in  alcohol. 

6.  Eemove  the  sclerotic  from  the  anterior  part  of  an  eye  which  has  been 
preserved  in  Miiller's  fluid,  and  tear  off  thin  shreds  from  the  surface  of  the  choroid, 
including  amongst  them  portions  of  the  ciliary  muscle.  Stain  the  shreds  with 
hsematoxylin  and  mount  them  in  glycerine.  Sketch  the  branched  pigment-cells, 
the  elastic  network,  the  mode  of  attachment  of  the  fibres  of  the  ciliary  muscle,  etc. 

1  The  celloidin  method  of  embedding  is  best  for  preparations  of  this  kind. 
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7.  Injected  preparation  of  olioroid  and  iris.  Mount  portions  of  the  choroid 
coat  and  iris  from  an  eye  (preferably  of  an  albino  rabbit  or  rat),  the  blood-vessels  of 
which  have  been  filled  with  coloured  injection.  Make  sketches  showing  the 
arrangement  of  the  capillaries  and  veins. 

8.  Teased  preparation  of  human  retina.  Break  up  with  needles  in  a  drop  of 
glycerine  a  minute  fragment  of  I'etina 

which  has  been  placed  in  1  per  cent, 
osmic  acid  solution  for  some  hours, 
and  has  s\ibsequently  been  kept  in 
dilute  glycerine.  Complete  the. 
separation  of  the  retinal  elements  by 
tapping  the  cover- glass.  Draw  care- 
fully under  a  high  power  some  of  the 
isolated  elements — e.g.  the  rods  and 
cones  with  .their  attached  fibres  and 
nuclei,  the  inner  granules,  the  gang- 
lion-cells, the  fibres  of  Miiller,  hexa- 
gonal pigment-cells,  etc.  In  some  of 
the  fragments  the  arrangement  of 
the  elements  in  the  retinal  layers 
may  be  made  out  even  better  than  in 
actual  sections.' 

Measure  the  length  and  diameter 
of  some  of  the  cones,  the  length  of 
the  cone-fibres,  and  the  diametei?  of 
some  of  the  outer  and  inner  nviclei. 

9.  Teased  preparation  of  frog's 
retina.  To  be  prepared  -in  the  same 
way  as  8.  Notice  the  very  lai'ge 
rods,  their  outer  segments  breaking 
up  into  disks,  and  the  relatively  small 
cones.  Also  the  pigment  extending 
between  the  rods,  the  distance  vary- 
ing according  as  the  eye  has  been 
kept  in  the  dark  or  in  the  light 
before   treatment   with    osmic    acid. 

A  fresh  frog-retina  may  also  be 
teased  in  Ringer. 

10.  Sections  of  retina  of  ox  or 
dog,  which  have  been  prepared  by 
Golgi's  method.  A  curled-up  piece 
of  fresh  retina  is  placed  in  osmium- 
bichromate  mixture  and  is  subse- 
quently treated  with  nitrate  of  silver 
solution.^ 

11.  Teased  preparation  of  lens. 
Separate  in  water  the  fibres  of  a 
crystalline  lens  which  has  been  mace- 
rated for  some  days  in  bichromate  of 
potassium.  Sketch  some  of  the  fibres, 
together  and  .separate. 


Fic. 


ST 
658. — Vertical  section  through  tiik 
UPPEK  eyelid.     (Waldeyer  ) 

a,  skin  ;  b]  orbicnlari.s  ;  b',  ciliary  bundle  ;  c,  involuntary 
muscle  of  eyelid ;  d,  conjunctiva ;  e,  tarsus  with 
Meibomian  gland  ;  f,  duct  of  the  gland  ;  ff,  sebaceous 
gland  near  eyelashes ;  h,  eyelashes ;  i,  small  hairs 
in  outer  skin ;  j,  sweat  glands ;  k,  posterior  tarsal 
glands. 


The  eyelids  (fig.  658)  are  covered  externally  by  the  skin,  and  internally  or 
posteriorly  by  a  mucous  membrane,  the  conjunctiva,  which  is  reflected  from 

'  For  the  distribution  of  the  nerve-fibres  and  cell-processes  within  the  retina  Golgi's 
silver  chromate  method  is  employed  (see  §  10). 

'  See  Appendix.     Cajal's  reduced  silver  method  may  also  be  used, 

3.2 
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over  the  globe  of  the  eye.  They  are  composed  in  the  main  of  connective 
tissue,  which  is  dense  and  fibrous  under  the  conjunctiva,  where  it  forms 
what  is  known  as  the  tarsus. 

Embedded  in  the  tarsus  is  a  row  of  long  sebaceous  glands  (the  Meibomian 
glands,/),  the  ducts  of  which  open  at  the  edge  of  the  eyelid.  The  rest  of  the 
thickness  of  the  eyelid  is  composed  of  a  somewhat  loose  connective  tissue 
which  contains  the  bundles  of  the  orbicula/ris  muscle  (6).  In  the  upper  eyelid 
the  levator  palpebrce  is  inserted  into  the  tarsus  by  a  fibrous  expansion ; 
some  bundles  of  involuntary  muscle  are  also  present  near  the  attachment  of 
the  eyelid.  The  skin  has  the  usual  structure ;  it  includes  small  sweat  glands, 
and  the  follicles  of  small  hairs,  and,  in  addition,  at  the  edge  of  the  eyelid, 
the  large  hair-follicles  from   which  the  eyelashes  grow.     The  epithelium  of 

the  conjunctiva  palpebrae  is 
iW!>f^--'-^M\  Mi  J'iljrW     ooli"inar,  passing  at  the 

edge  of  the  lid  into  the 
stratified  epithelium  of  the 
skin ;  it  also  becomes  strati- 
fied in  the  part  which  is 
reflected  over  the  globe  of 
the  eye.  The  nerves  of  the 
conjunctiva  terminate  for 
the  most  part  in  end-bulbs, 
which  in  man  are  spheroidal, 
and  formed  chiefly  of  a  small 
mass  of  polyhedral  cells ;  but 
in  the  calf  and  most  animafs 
they  are  elliptical. 

The  lacrimal  glands  may  . 
be  mentioned  in  connexion 
with  the  eyelid.  They  are 
compound  racemose  glands 
yielding  a  watery  secretion. 
Their  alveoli  are  lined  by  columnar  or  polyhedral  cells  (fig.  659),  which  are 
normally  filled  with  granules,  but,  after  profuse  secretion,  these  disappear, 
and  the  cells  become  shorter  and  smaller.  The  ducts,  of  which  there  are 
several,  open  at  the  upper  fold  of  the  conjunctiva  near  its  outer  extremity. 


i.  6J9. — Alveoli  of  lacrimal  gland  of  man. 
Photographed  from  a  preparation  by  Prof. 
Martin  Heidenhain.    Magnified  200  diameters. 

Some  of  the  cells  show  secretion  granules.  In  one  or  two 
situations  the  intercellular  canalicull  which  open  into 
the  lumen  of  the  alveolus  can  be  made  out. 


THE   SCLEROTIC   AND   CORNEA. 

The  globe  of  the  eye  (fig.  660)  is  enclosed  by  three  coats,  the  cornea- 
sclera,  choroid-iris,  and  retina.  It  is  filled  by  the  vitreous  and  aqueous 
humours  and  the  crystalline  lens  which  lies  between  them. 

The  sclerotic  coat  (sclera)  is  composed  of  dense  fibrous  tissue,  the  bundles 
of  which  are  intimately  interlaced.  It  is  thickest  at  the  back  of  the  eyeball. 
It  is  covered  externally  with  a  lymphatic  endothelium,  while  internally  it  is 
lined  by  a  layer  of  connective  tissue  containing  pigment-cells,  which  give  it 
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a  brown  appearance  (lamina  J'lisca).  At  the  entrance  of  the  optic  nerve  the 
sclerotic  is  prolonged  into  the  sheath  of  that  nerve,  the  bundles  of  which, 
piercing  the  coat,  give  a  sieve-like  aspect  to  the  part  (lamina  crihrosa). 

The  cornea  (figs.  661,  662)  consists  of  the  following  layers  (enumerated 
from  before  back)  : — 
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MUSCULU5    CILIARIS 
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OPTIC    NEHVE 


Fig.  660.— Diagram  of  a  section    through    the    (right)    human    eye    passing 

HORIZONTALLY  NEARLY  THROUGH  THE  MIDDLE.     Magnified  about  4  diameters. 

(A,  6,  equator  ;  X,  if,  optic  axis. 

1.  A  stratified  epithelium  continuous  with  the  epithelium  of  the 
conjunctiva. 

2.  A  thin  lamina  of  homogeneous  connective  tissue  (membrane  of  Bow- 
man), upon  which  the  deepest,  cells  of  the  epithelium  rest. 

3.  A  thick  layer  of  fibrous  connective  tissue  which  forms  \h&  proper 
substance  of  the  cornea.  This  is  continuous  laterally  with  the  tissue  of  the 
sclerotic.     It   is   composed  of  bundles  of  white  fibres  arranged  in  regular 
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laminK,  the  direction  of  the  fibres  crossing  one  another  at  right  angles  in  the 
alternate  laminse.  Between  the  laminae  lie  flattened  connective-tissue  cor- 
puscles (fig.  663).     These  are  branched  and  united  by  their  processes  into  a 


Fig.  6G1. — VeuticaIj  section  of  human  coknea  fkum  neae.  the  margin. 
(Waldeyer.)^    Magnified. 

1  epithelium  ;  ^,  anterior  homogeneous  lamina  ;  S,  substantia  propria  corneie  ;  /*,  posterior  honio- 
'  geneous  (elastic)  lamina ;  .'»,  endothelium  of  the  anterior  chamber ;  ff,  oblique  fibres  in  the  anterior 
layer  of  the  substantia  propria ;  J),  lamella)  with  their  fibres  eut  across,  producing  a  dotted 
appearance  ;  c,  corneal  corpuHoles  appearing  fusiform  in  section  ;  d,  lamellse  with  the  fibres  cut 
longitudinally  ;  r,  transition  to  the  sclerotic,  with  more  distinct  fibrillation,  and  surmounted 
by  a  thicker  epithelium  ;  /,  small  blood-vessels  cut  across  near  the  margin  of  the  cornea. 

continuous  network;   there  is,  of  course,   a  corresponding- network  of  cell- 
spaces  (fig.  66-1).     In  vertical  sections  the  celjs  appear  narrow  and  spindle- 
shaped  (fig.  661).     In  the  superficial  laminjE  near  the  margin  there  are  a 
few  bundles  of  fibres  which  run  obliquely  towards  the  surface  (fig.  661,  a). 
4,  A  homogeneous  elastic  layer  {membrane  of  Descemet).     This  completely 
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covers  the  back  (if  tlio  coiiica,  liut  near  the  allele  wliieh  the  cornea  forms 
with  the  iris  it  breaks  up  into  separate  libres  {1  hjn iiu'-ntum  pi'diitat/uiu)  wliich 
are  partly  continued  into  the  iris  as  the  jnl/urs  ij/' /he  iris. 


Flu       662. — Sl':t  TluN     nv     MIMAN     ('ul;Nli\,    .-^HoWINC     TWV]     S'l'l;  \T1  Kl  I'll '     i:rri'Ul',J,l  T  \l .     'IMIIO 
5IK.Mr.l;\NK       UK       J'jDWMAN,       .\NI)      'I'IIK      smOKFll   IAI,      I,.\>KJ;s      ok      THK      l'l;nri;lA. 

Photograph.      Higiily  niagniHed. 

5.  A  layer  of  paA-einent-epitlieliuui  (i'ii<li///ic/ i/nn  nf  Di^si-rntefs  ini-inln-iDu;) 
covering  the  posterioi-  surface  of  the  elastic  lainiu;i,  and  lining  the  front 
of    the    anterior    chamber    of    the    eye    (fig.    601,    5).      At    the    sides    it    is 


•V 


FiC      i;ii:-(.--('ni,l,S    OF    UAi:l:l'rVl    ((IKM'iA    S'l'MM^O    WITH 
Ahiwiiiliril  SnOilianiLtels. 


M)  (11  i.oui I'l':. 


continued  over  thc!  liganjeutum  peetinatinn  into  a  similar  endolheliuin 
covering  the  anterior  surfiu'c  of  the  iris.  The  (clIs  of  tlie  endothelium  of 
Descemet's  meuiljrane  are  seiiarated  from  one  another  by  intercellular  spaces, 
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which  with  suitable  treatment  may  be  seen  to  be  bridged  across  by  bundles 
of  fibrils  which  pass  through  the  cells  (fig.  665). 

The    nerves    of    the    cornea    pass    in    from    the    periphery,    losing    their 
medullary  sheath  as  they  enter  the  corneal  substance.     They  form  a  primary 


l''li;.    6B4. — (JliJJj  SI'AIKS    (IF    KAIililT.S    CUKNJS.V    rKKPAKJiU    WITH   SinvER    NITKATK 

Magnified  300  diamett-rs.     Pliotographed  from  a  preparation  l)y  H.  Pringle. 

plexus  in  the  substantia  ])ropria,  a  secondary  or  subepithelial  plexus 
immediately  under  the  epitheliu)ii  which  covers  the  anterior  surface,  and 
a  terminal  plexus  of  fine   fibrils   which   pass  from  the  subepithelial  plexus 


Fii:.  66,5.— EiTriiiii.nM-CErrs  uf  Dksce.met's  mk.mbrane.     (8mirnow.) 

in  pencil-like  tufts  and  become  lost  between  the  epithelium-cells  (fig.  666). 
In  some  animals  (e.y.  frog)  there  is  also  a  plexus  of  fine  fibrils  near  the 
posterior  surface  under  the  emlothelium  of  Descemet's  membrane  (fig.  667). 
There  are  no  Uood-vessels  or  lymphatics  in  the  cornea,  although  they  come 
close  up  to  its  margin. 
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Fic.   (:tfi6.— Vkkticaj.  yj?;i:TiuN  Tiiiiincii  tiik  ''mrnka.     (Culmlieiiii.) 

TIh-  L-oniea]  (;ui'|.ii^rl«.'.-=  atnl  tlit  L-eli^:i  of  Dcsrt'iiK^t.'s  niriii))r.iiiL'  uru  nn(,  icj-ivseiiLtil  ;  tlif  uiit>j)-i'i 
eititheliuni  is  i-uiire.seiited  only  in  )):irt..  u,  DL'srunirfs  iiiLiiilir;irir  ;  /),  \v^\\,  of  nerv  r  vli-'>-'i 
in  substantia  ])rn]n-ia  ;  c,  branches  j^niiiii;-  tn  Ur'  fi'ithcliuni  ;  f/,  lilnL'S  \>\  tlic  subci)ithc;lial  lu\  lt 
e,  \'ertiua]  fibrils  with  liui'izontal  ontnniNers. 


"  *3r^jt%--  ^  ^'"^•'t^  '1%*^  v^'    i 


^ -^  -4 


■>  ^: 


^       jfl*r«i"** 


X  .:i..--^V.J_ 


Fl(i.   6()7.-— Ckj.i.h  and  nekvi(-kif!Iiii.s  (ik   I'dKTKKiiiK  s|i|;i'ArK  (II'-  fkim;  s 
CORNEA.      (Jold  pteparation. 
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THE    CHOKOIL)    ANJ:i    IKIS. 


Tlio  choroid  or  vascular  coat  of  the  eye  is  of  <i  Ijlack  colour  in  many 
animals,  Ijut  in   the  human   eye  it   is   brown.     It   is   composed   of    connec- 


l.s. 


f-'.C. 

m 


P- 
Fii;.   IJliS. --.Skctiun    of   chiiroid  (man)    wri'U    pakt   cjf   sij.eiia.     Attai.iiki)  tu  the 

IN'iN'EK     SURFACE     OF     THE     CHOKOIU     IS     A     I'OKTKIX     OF     THE     KETIN'AJj  ■  J'H.lMENT. 

Magnified  200  diameters. 

s<\  sek'i-a  ;  I.S.,  lamina  suprachoroidea ;  i\  ]arji:er  blood-vessels  of  choroid  :  r.c,  c-horio-eaiiillaris ; 
111,  haseiiieiit-niembrane  (memhrav.e  of  Brucli) ;  p,  portioii.s  of  ix-tiiial  pii,'ment-eellH. 


FlC.     669. A    SJI.VLE    PORTKIX    (IF    THE    LAMINA    Sl'l'liACHl  lUl  HLIEA    FUOJI     THIO 

HUM.vN  EVE.     Higlily  inagnitiud. 

Tlie  tiraricliiiiLT  pi;,nneiit-eells  and  elastic  fibres  are  \\'ell  shown  ;  ;/,  iniclei  of  endoUielial-eells  (the 
outlines  of  the  cells  are  not  indicated) ;  /,  l\"ni])li-cells. 


tivc  tissue,  the  cells  of  which  are  large  and  filled  with  pigment  (figs. 
668,  669).  It  contains  in  its  inner  layer  a  close  network  of  blood-vessels, 
and  in  its  anterior  part  the  involuntary  muscular  filires  of  the  ciliary  muscle, 
which  pass  backwards  from  their  origin  at  the  j  unction  of  the  cornea  and 
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sclerotic,  to  bo  insci'teil  into  the  choroid.      The  chorcjid  is  separable  into  tlie 
following  layers  (enumerated  from  without  in)  : — 

1.  The  Umihia  siiprachoroidea  (fig.  668,  l.s.).  This  is  a  loose  membrane 
composed  of  delicate  connective  tissue  pervaded  b}'  a  network  of  fine  elastic 
fibres,  and  containing  many  large  bi-anched  piguient-cells  and  lymph- 
corpuscles  (fig.  699).  It  is  covered  superficially  by  a  lymphatic  endo- 
thelium, and  is  separated  from  the  lamina  fusca  of  the  sclerotic  by  a 
cleft-like  lymph-space  which  is  bridged  across  here  and  there  by  the  passage 
of  vessels  and  nerws,  and  by  Ijanils  of  connective  tissue. 

"2.  The  vascular  layer  of  the  choroid  (fig.  668,  v  and  c.c.)  resembles  the 
supra.choroidea  in  struc- 
ture, l)ut  contains  the 
blood-vessels  of  the 
coat.  In  its  outer  part 
are  the  larger  vessels 
(arteries  and  veins),  the 
veins  having  a  peculiai- 
vorticose  arrangement  ; 
in  its  inner  part  (chorio- 
capillaris)  are  the  capil- 
laries, which  form  an 
extremely  close  network 
with  elongated  meshes, 
the  capillaries  ladiating 
from  the  e.'itremities  of 
till'  small  ai'tcries  and 
veins  in  a  highly  char- 
acteristic manner  (fig. 
()70).  In  the  ciliary 
processes  the  vessels 
have  for  the  ULOst  part  a 
longitudinal  direction, 
but  there  are  numerous 
convoluted  transversely  disposed  capdlaries  uniting  the  longitudinal  vessels 

(fig.  677,  d).  • 

3.  Lining  the  inner  surface  of  the  choroid  is  a  thin  transparent 
membi-ane  known  as  the  iiinnibiune  </  JJrn.ch  (fig.  66S,  in). 

Ciliary  processes.— At  the  front  of  the  choroid  this  coat  becomes 
thickened,  partly  l.y  the  appearance  of  radudly  arranged  plaits  .jr  ridges 
(ciliary  processes  with  intervening  grooves),  partly  by  the  development  of 
a  ring  oi  muscle  (ciliary  nuiscle)  whidi  encircles  the  globe  at  this  part,  lying 
between  the  sclera,  and  choroid.  The  ciliary  processes  are  formed  like  the 
rest  of  the  choroid  of  highly  \-ascular  pigmented  c(mnecti\e  tissue,  but, 
in  place  of  retina,  they  are  covered  internally  by  two  layers  ..f  epithelium, 
the   outer   layer   being   thickly  pigmented   (fig.   671). 


I'll  .  (i7U. 


-I.N.IHITJiD    la.nilll-VK.SSJOrS    nr    riuo 

..'DAT.     (Sappcy.) 


u  of  Ihv  liirnL'l'  veins  ;  -J,  siiKill  aiiastoliKisiiifj  vl'SSl-Is  ; 
o,  lirLLin.'lics  (Ihidiiii;-  intu  tiii-'  siuallcst  \  l'ssl-Is. 


In   the  middle  and 


So6 


THE  ESSENTIALS   OF  HISTOLOGY 


anterior  parts  the  epithelium  dips  down  into  the  connective-tissue  corium 
in  the  form  of  glandular  tubes,  which  in  all  probability  assist  in  the  secretion 
of  the  aqueous  humour.  In  order  to  bring  these  ciliary  glands  distinctly 
into  view,  it  is  necessary  to  bleach  the. pigment  (fig.  672).  _ 


Fig.  671.— Section  across  the  postebiob  pabt  of  these  ciliary  processes. 
Magnified  155  diameters.     (Piersol.) 

a,  recesses  between  the  ciliary  processes;  &,  the  deeper  (pigmented) layer  of  epithelium;  c,  the 
superficial  layer  of  non-pigmented  columnar  cells.  These  two  layers  of  epithelium  form  what 
is  termed  the  pars  ciliaris  retinae  (p.  518). 

The,  ciliary  muscle  consists  of  involuntary  muscular  bundles  which  arise 
at  the  corneo-sclerotic  junction,  and  pass  meridionally  backwards  to  be 
inserted  in  the  choroid  (fig.  673,  M).  Many  of  the  deeper-seated  bundles 
take  an  oblique  direction,  and  these  pass  gradually  into  others  which  run 


Fig.  672.— Glands  of  the  ciliary  processes  as  seen  after  bleaching  the 
PIGMENT  COVERING  THEM.     (E.  Treacher  Collins.) 

circularly  around  the  circumference  of  the  iris,  on  a  level  with  the  ciliary 
processes.  This  set  of  circularly  arranged  bundles  constitutes  the  circular 
ciliary  muscle  of  H.  Mtiller  (Mu) ;  it  is  most  marked  in  hypermetropic  eyes. 
The  iris. — The  iris  is  that  part  of  the  vascular  coat  of  the  eye  which 
extends  in  front  of  the  lens.  It  is  continuous  with  the  choroid  and  has  a 
somewhat  similar  structure,  but  its  pigment-cells  often  contain   variously 
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Fig.   673. — Skition    TiiKurtJH  the  cijjakv   i'_'iKt   of  thj-:  evk,   in(LUl>]N(;    pakt   of 

THE   COKNEA,    THE   ORA    SEERATA,    THE     IKTS    AND    THE    ELm;e    uF    THE    EENS    WITH 
ITS    SUSPENSUKV    I.IGAMENT.       (Flichs.) 

C,  cornea;  -S,  sclerotic;  CA,  choroid;  A',  retina;  /'c,  its  iiin;iiK-'nteil  eiMllu-Iiuin  ;  0,  pai's  ciliaris  : 
this  is  continued  over  the  choroid  prix^csscs ;  iic,  pc,  ))ig-ineiited  ainl  n()ii-pii,niR'nted  layer.s  of 
pars  ciliaris  ;  L,  lens  ;  M,  ciliary  muscle  ;  r,  its  radiatiiii,^  (meridional)  filires  ])assin^'-  from  their 
ori^'^in  at  the  corneo-sclerotic  jniietion  ;  Mil,  circular  ciliary  muscle  ;  vi,  artery  of  sc^lerotie  ; 
.V,  \ein  (canal  of  Schlemm) ;  z,  fibres  of  Z))riula  of  Ziiui  passinj^r  between  rliornid  pi'iK-esses  intt)  the 
suspensory  ligament  of  the  lens  {z\  i) ;  I,  an.i.de  of  aiiterior  cliandjcr  ;  .^7),  spliiMcter  pni>ill;e  ;  p. 
ed^re  of  pn])i1  ;  //,  ]ti^-mented  epithelium  (if  iris(aei.-ideiitally  detaelu'd  at  tiiis  itdiut  arifl  showing-, 
y,  layer  of  dilatator  itupillaj)  ;  f,  c,,1\  ./',  creases  and  folds  of  anterior  siu-face  of  iris:  n\  a  fissure  in 
this  surface  (aci-Iiiental) ;  ff,  artery  at  insertion  of  iris  ;  ^^  capsule  of  lens. 


js 


11  .\     »     ; 


colmired    pigment.      Besides   the   (Iclicatc   connective    tissue    with    numerous 

clastic  fibres  and  lilood- vessels   of 

which    it    is    chiefly    composed,   it 

contains  two  sets  of  plain  inusculai' 

fibres.       The    one    set    forms    the 

sphincter   iitipUhi:    (figs.    673,   »p.  ; 

674,    a),    which    encircles    the 

pupil  ;  the  other  set  consists  of  a 

flattened  layer  of  radiating  fibres 

which  extend  from  the  attachment 

of    the  iris    nearly    to    the    pupil, 

lying  close  to  the  posterior  surface 

and     constituting     the     diljttator 

pupillcii    (figs.    674,    h  ;     675     and 

676). 

The  back  of  the  iris  is  covered 
by  a  thick  double  layer  of  pigmented  epithelium  (uvea)  (fig.  676)  continuous 
with  the  epithelium  of  the  pars  ciliaris  retinic  (p.  518). 


1^     '   11*  f  \\ 

.If I*  11  1     Iv  ^  ,^ 
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■riiK    ro.siLiiiii      s 
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s]iliiiicter  iiLi 
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Ill    Till.    II  IS    M  L^   FJ;i>M 

I   I    \     I        U  Itl       II  Ml)\  AJ. 

M  I'.N  I.     (Iwauofl. ) 
lilahit'ir  niiisclL^  nl  tlu-  |)ii]iil. 
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The   blood-vessc'Ls   of   the  iris   (fig.    677,   e)  converge  towards  the   pupil. 
Near  the  pupil  the  small  artei-ies  form  an   anastomotic  circle,   fi'om  which 


ih^ue  of 
Ur  t 


insertion  of       canal  of 
I      y  n     cie     S  /  lemtn 


Pi?  a^fUerior 
,'-<i'V  ckcombcf 


\ 


I 
ciluiri)  inuscle. 


^\^   ,v 


•ureal  piymi'iit  of  iris. 


Ym.  675.  —  Sei.TIoN  (FUo.M  the  la'E  of  a  man).  SllnWJM;  TIII:  J;Kf,ATInNS  OK  'I'll  K 
(.'fJJ.\KY  ."\irSCM'^  TO  THE  SCLEJC(  tTK ',  Til  10  IKIS,  AND  THE  TAVEliNtH'S  HI' ACES 
NEAU    THJC    ANCEE    OE    THE    ANTEEHIll    rHAMIlEK. 

Tlic  liiTurc,  wliii-li  is  copied  I'roni  a  iiliotr)^,^i-ai>h,  iiicluik's  a  .snuiU  in»rtinn  of  Liiu  <-iliai-y  nuisclf,  llie 
fil.»r(_'s  i)f  wliich  ai'L'  seeu  to  be  conver^^in^^  to  a  point  iiinni,'(liati,'l\"  antfrinr  Id  the  aii,t,'-lu  nf  the 
arituriur  (jhaiiiljcr.  Here  they  are  atUiuhed  tlirnu^di  the  niedimn  nf  a  liand  of  tlie  [ilirons  ti.'^siie 
of  tlie  .sclerotic  (coii.'^iwtiTit,^  ii!ain],\-  of  circular  bundles)  Lo  the  outer  ^lart  nf  the  lif^'-anientum 
pectiiiatuni,  which  forms  a  lorise  tissue  with  ojieii  meshes  1>  ini,''  between  tlie  canal  of  Sclilcinni 
and  the  anterior  chamber.  Hi  tlie  ri!.,dit  half  of  the  fi^aire  the  fil'res  uf  the  lif^'anieiitum 
]iectitiatuni  are  seen  to  be  gradually  con\ert,'-in,L,'"  t.owards  the  imsterior  surface  of  the  cornea, 
and  sonieu'liat  bc.\-oiid  tlie  ])ai-t  sliown  in  this  ti^auc  the\  nier^a-  into  th:_>  membrane  of  Dcsce- 
met.  A  comniunieatioii  of  the  canal  of  Mr^blenmi,  wliich  is  tlouble  in  this  section,  with  the 
endotlieliuiu-liTied  spai-cs  t.f  the  li^'^amentum  ]>cctinatnm,  is  a]ii'arent,  and  als(]  communications 
beL\\eeii  the  lasl-nainetl  sjiaces  and  the  anterior  cjianiber. 

CHpillai'ies  arise  and   pass  still   nearer  tlio  pupil,  arctuiu]   ^vhicli  they  fwi'in  a 
close  capillary  network. 

A  large  nuniber  of  nerve-fibres  are  distribnted  to  the  choroid  and  iris, 
chiefly  to  the  muscular  tissue  of  those  parts  (ciliary  muscle  and  sphincter 
and  dilatator  pupilhf). 


The  Huiwcular  tissue  of  the  iris  is  developed  from  the  epithelium  at  the  liaek  uf 
the  iiis  (Nussbaum,  tSzili). 
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Fic.   OT'J.  -  SurriiiN   of  rosTioianu   i.aykxs  of   human    ii;is,    neai;  tts   attaiii 
_MF\'i'  Td  TiiK  ciiiii^iiii.      Magnified  (iOO  cliamctiTS. 


ri:^  strniiKi,    wiDi  (-.mtu'i-l  i\c   tissiii>.    l.r;iii(.-lii-(l  iiiu'iiiL-iit-t.-ells,    ;iii(l 
iHil-^fli-;   ;/,  ilrt-li.i    la.Mi'  "1'  uvcmI  iiiuiiii'i-it  ;    ;/■,  siil.L'lli.-ial  iii\  c-r  n 
I'i  hrulu-ii  away  from  thf  laitrcr  jiai'l.  (if  llu-  srcMoii. 


I'ls;    ,/,    dilatator 
HR'lll  :     this  lai.-l- 


V\r..  G77. — ^'l■:s,slOl.s  Oh'  'V]\K  rii(.[;iiiii,   ciMAiL'i'   niiiciONSics  ami  itms  i)V  a 
ciiiLii.     (Arnold.)      II)  ilianirters. 

(I.  ca|iillar\  lift  work  ni  tl,r  |in,lrrinr  |iai't  i.t  llir  rluiriiicl,  riiiliiiH'  at  li.  tin-  iira  si-nala;  c,  arli-iir- 
of  Ihc  '■liOHia  .iliinis,  -iiiiiih  iii^r  tliu  nlian  |ir,.r,'^M.s,  ,/,  ami  iias-;iim-  into  I  ho  iiis,  .' ;  l\  I  In 
oa|iillar\   iioluork  r|o.o  to  llio  ]ia|iillar\   iiialoiii  of  llif  iris. 


TlIK    IIETIXA, 


The  retina  cmisi.sts  nf  tlic  ciolit  layer.s  .slmwii  in  tlic  acconipaiiyiiig 
(liagi'iun  (fig.   (iTS),   iiiniilicrod   as   tlicy  ocriir   fi'iuji  witliiii   nut. 

Tile  inner  surfaro  of  tlii^  retina  restM  iipcm  the  hyaloid  nieiiibiaiie  of  the 
vitreous  Innnoiir.  It  is  formed  of  the  iniited  Itases  of  the  fibres  of  Miiller, 
whieli  wiil  be  afterwai-ds  fleserilied. 

Tlie  hiijer  (if  iiervf^Jilir/'x  is  formtwl  Ijy  the  e.xpansicjii  of  the  optie  nerve 
after  it  has  passed  througli  the  C(jats  of  the  eye  (fig,  679).  The  optic  nerve 
diff'ei's  from  other  eei'elsro-spinal  nerves  in  l)eing  made  up  not  of  sepai'ate 
cyhndrieal  bundles  or  fujiieiili,  but  of  one  large  liundle,  covered  with  a  thick 
slieath  and  sidxlivided  by  numerous  interlacing  septa  into  portions  of 
irregular  size  ;ind  shape  (fig.  680).  A  section  across  the  nerve  taken  near 
its  entrance  into  the  globe  shows  a  (^'ntral.  strand  of  connective  tissue  con- 
taining the  central  i-etinal  artery  and  vein  which  pass  obliquely  into  the 
nerve  a  few  millimeters  from  the  back  of  the  eyebidl.     The  sheath  of  the 
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Outer  or  choroidal  surface. 


nerve  has  a  composite  structure,  being  formed  externally  of  a  thick  fibrous 
membrane  continuous  proximally  with  the  dura  mater  and  distally  with  the 
sclera,  internally  of  a  membrane  continuous  proximally  with  the  pia  mater, 
whilst  between  the  two  is  a  space  containing  a  prolongation  of  the  arachnoid; 

the  space  itself  is  continuous  with 
the  subdural  and  subarachnoid 
spaces  of  the  cranial  cavity.  The 
nervous  tissue  is  greatly  dimin- 
ished at  the  lamina  cribrosa  owing 
to  th6  disappearance  of  the  med- 
ullary sheath  of  the  nerve-fibres, 
which  are  continued  into  the 
retina  as  axis-cylinders  onl}'. 

At  its  entrance  the  nerve 
forms  a  slight  eminence  {collieulus 
nervi  optici).  The  nerve-fibres 
lose  their  medullary  sheath  on 
reaching  the  retina.  Most  are 
connected  with  (derived  from)  the 
cells  of  the  ganglionic  or  optic 
nerve-cell  layer  (fig.  681),  but  some 
(centrifugal)  fibres  pass  through 
the  ganglionic  and  molsjjcular 
layers  to  form  a  terminal  arbor- 
isation ia  the  inner  nuclear  layer 
(fig.  681,  i,  j,  m,  and  fig.  682). 
The  layer  of  nerve  fibres  becoir.es 
gradually  thinner  towards  the 
anterior  part  of  the  retina. 

The  layer  of  optic  nerve-cells, 
or  ganglionic  layer,  is  composed 
of  nerve-cells  somewhat  like  the 
cells  of  Purkinje  of  the  cerebellum. 
They  vary  in  size,  although  those 
of  large  size  are  prevalent  in  most 
parts  of  the  retina.  In  the  yellow 
spot,  on  the  other  hand,  smaller 
nerve-cells  are  met  with,  and  they 
may  here  lie  several  deep.  The 
cells  have  a  fine  axis-cylinder  process  prolonged  into  a  fibre  of  the  layer  of 
optic  nerve-fibres  and  a  thick  branching  process,  the  ramifications  of  which 
terminate  in  the  inner  synapse  layer  in  flattened  arborisations  at  different 
levels  (fig.  683,  a,  b,  c).  •       - 

The  inner  synapse  layer  (inner  molecular  layer)  is  comparatively  thick. 
It  has  an  appearance   very  like   parts  of   the  grey  matter  of  the  nerve- 


inner  surface. 

Fig.  678. — Diagrammatic  section  of  the 
HUMAN  retina.     (M.  Schultze. ) 

1,  Layer  of  optic  nerve-filjres  ;  2,  laj^er  of  optic  nerve- 
cells  ;  3,  inner  synapse  or  molecular  layer ;  4, 
layer  of  inner  granules  or  bipolars ;  5,  outer  synapse 
or  molecular  layer  ;  6,  layer  of  outer  granules  (outer 
nuclear  layer)  ;  7,  layer  of  rods  and  cones  ;  8,  layer 
of  pigment-cells ;  m.l.i.,  membrana  limitans  in- 
terna ;  vi.l.e.,  membrana  limitans  externa. 
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centres.  A  few  small  cells  ave  scattei-ecl  tbrouj^h  it,  Init  it  is  mainly  occupied 
by  the  processes  of  the  optic  ncrvo-cells  and  of  tlio  iinicr  granules  wliicli 
form  synapses  within  it  ;  it  is  also  traversed  by  centrifugal  fibres  from  Idle 
optic  nerve  layer,  as  well  as  by  the  filjres  of  Midler. 

T^fi  layer  0/ inner  gramdeti  (also  termed  inru'r  irndear  /«!/«;■)  is  mainly 
compo,sed  of  bipolar  nerve-cells  c(mtaining  large  nuclei.  One  process  (the 
axon)  of  each  of  these  cells  (fig.  081)  extends  inwards  into  the  inner  mole- 
cular layer  where  it  spreads  out  into  a  terminal  arboi'isation.  These 
arborisations  occur  at  different  levels  in  the  layer,  forming  synapses  with  the 


\\sw^!?^^ms& 


c^^f^^j^ 


Fn;.   679. — Sectiox  throi-cih  the  ('(i.\ts  of  the  kyi^kali,  at  the 

ENTR.ANCE    OF    THE    OITIl'    NERVE.        (Toldt.) 

r'e,  (lural  sheath  ;  Vin,  arachnoidal  sheath,  atifl  1'/,  pia-niatral sheath  of  the  o]>tic  iier\"e,  with  lymph 
.spaces  hetween  ttieni ;  0,  O,  nerve Ijandles  ;  A.  lamina crihrosa;  A,  central  ai-ter\  ;  ,S'.  sclerntii- ; 
Ch,  clioroid  ;  11,  retina.  The  small  letters  refer  t-i  the  \'arinus  jiaits  of  the  retina,  //  heinL/-  tlie 
layer  of  rods  anrl  cones,  ^  rod-  anti  cone-tihres,  i  optic  ner\-e-tihre^,  ;md  k  the  hyaloid  mem- 
hranc  r.f  the  \'itreoiis  humour. 


optic  nerve-cells.  Another  process  (dendron)  is  directed  outwards,  and 
arborises  in  the  outer  molecular  layer,  where  it  forms  synapses  with  the 
terminations  of  the  rod-  and  eone-filires.  It  has  liecu  shown  Ijy  Ramon  \' 
Cajal  that  there  are  two  kinds  of  bipolai's,  one  kind  (rod-bipolars,  fig.  681, 
cd)  being  connected  externall}'  witli  the  rods  of  the  retina,  and  passing 
inwards  to  ramify  over  the  bodies  of  tlie  nerve-cells ;  whilst  the  others 
(oone-bipolars,  e)  are  connected  with  the  cone-fibres,  and  ramify  in  the 
middle  of  the  inner  molecular  layer.  The  outwardly  directed  processes 
of  the  cone-bipolars  are,  in  some  animals,  but  not  in  mammals,  continued 
as  far  as  the  external  limiting  membi'ane,  wliere  each  ends  in  a  free 
extremity  {fibre  of  Lnndnll,  fig.  G84,  e).  Besides  tliese  bipolar  nerve  cells, 
there  are  other  larger  inner  granules  (spongioblasts  of  some  authors)  which 


512 


THE   ESSENTIALS    OE  EIISTOLOGY 


are  different  in  cliaracter,  having  ramified  processes  which  extend  into  the 
inner  molecular  layer  (figs.  681,  h;  084,  a,  b,  c),  in  which  also  their  bodies 
are  often  partly  embedded.  The  cells  in  question  have  been  regarded  as 
of  the  nature  of  neuroglia-cells,  but  according  to  Cajal  they  are  probably 
nerve-cells.  He  termed  them  amacrivp-celh,  .since  he  believed  them  to  be 
destitute  of  a  long  process;  but  .some  of  the  amacrine-cells  have  since  been 
noticed  to  give  oft',  besides  the  branching  processes  or  dendron.s,  which 
raniif}'  in  tlie  molecular  layer,  an  a.xis-cjdinder  process  extending  into  the 


'     '(     I 


Fic,  680.— Ski  Tiiix  (ir  optk;  jMCKve  :   man.     ((Jrceff.)     Magnified  24  dianietcr.s. 

Tlie  sertinji  is  tnken  near  tlie  junction  wiMi  tht  ^^Inlic.     '/,  slio;it.li  <U-i-i\i?(l  from  iluni  ; 
a,  slieatli  irnni  ar.aclnioid  ;  ji,  from  jiia  mater  ;  -v,  a  ]a,\er  nf  sniicrfielal  neum^-lia. 

nei've-fibre  layer.  Thei-e  are  also  certain  cells  in  the  outer  part  of  the 
granule  layer  which  send  their  processes  entirely  into  the  outer  molecular 
layer  (fig.  G84,  ii).  These  are  the  liorlzontnl  cells  of  Cajal  (spongioblasts  of 
outer  molecular  layer  of  some  authors).  The  fibres  of  Miiller  have  nucleated 
enlargements  (fig.   G84,   .t)  amongst  the  bipolars  of  this  layer. 

The  outer  molecular  layer  is  thin,  and  is  composed  mainly  of  the  arborisa- 
tions of  the  inner  granules  and  of  the  rod-  and  cone-fibres,  as  well  as  of  the 
horizontal  cells  (figs.  681,  684),  which  all  form  synap.ses  in  this  layer. 

The  outer  nndear  layer  a7id  the  layer  of  rorh  and  cones  are  composed 
of  elements  which  are  continuous  tin-ough  the  two  layers,  and  thev  should 
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properly,  therefore,  be  described  as  one.  It  has  been  termed  the  sensory 
epithelium  of  the  retina  (fig.  685,  6  and  7).  The  elements  of  which  this 
nerve-epithelium   consists   are   elongated   cells    of    two    kinds.      The   most 


Fig.  681. — Section  of  dog's  retina,  Golgi  method.     (Cajal.) 

cone-fibre ;  6,  rod-fibre  and  nucleus ;  c,  A,  bipolar  cells  (inner  ^anules)  with  vertical  ramifica- 
tions of  their  outer  processes  or  dendrons ;  in  the  centre  of  the  ramification  lie  the  enlarged 
ends  of  rod-fibres ;  e,  other  bipolars  with  flattened  ramifications  abutting  against  ramified  ends 
of  cone-fibres ;  /,  large  bipolar  with  flattened  ramification ;  g,  inner  granule-cell  sending  an 
axon  towards  the  rod-  and  cone-fibres ;  A,  amacrine  cell  with  diffuse  arborisation  of  its  processes 
in  inner  molecular  layer ;  i,  j,  m,  centrifugallj'  conducting  nerve-fibrils  passing  respectively 
to  outer  molecular,  inner  nuclear,  and  inner  molecular  layers  ;  ?i,  ganglionic  cells  with  axons 
passing  into  nerve-fibre  layer  ;  A,  outer  molecular  layer  ;  B,  inner  molecular  layer.. 


Fic.  682. —Section  thbouoh  the  inner  layers  of  the  retina  of  a  bird, 

PREPARED   BY  GoLGl'S   METHOD.      (Cajal.) 

A,  nerve-fibres  of  optic  nerve  layer ;  B,  some  of  these  fibres  passing  through  the  inner  molecular  layer 
to  end  in  an  arborisation  at  the  junction  of  the  inner  molecular  and  inner  nuclear  layers.  The 
layers  in  this  and  in  the  two  succeeding  cuts  are  numbered  in  correspondence  with  the  layers 
in  fig.  678. 

numerous,  which  may  be  termed  the  rod-elements,  consist  of  peculiar  rod-like 
structures  (retinal  rods)  set  closely  side  by  side,  each  of  which  is  prolonged 
internally  into  a  fine  varicose  fibre  (rod-fibre)  which  swells  out  at  one  part  of 
its  course  into  a  nucleated  enlargement,  and  ultimately  ends  (in  mammals) 
in  a  minute  knob  within  the  outer  molecular  layer,  where  it  is  embedded  in 
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the  ramifications  of  the  dendrons  of  the  rod-bipolars.  The  rod  consists  of 
two  segments,  an  outer  cylindrical  and  transversely  striated  segment  which 
during  life  has  a  purplish-red  colour  if  the  eye  has  not  been  recently  exposed 
to  light,  and  an  inner,  slightly  bulged  segment  which  in  part  of  its  length  is 


Fio.  683. — Section  across  the  molecitlak  and  ganglionic  layers  of 
A  bird's  retina,  prepared  by  Golgi's  method.     (Cajal. ) 

Three  or  four  ganglionic  cells,  A,  B,  C,  and  the  terminal  arborisations  of  their  dendrons, 
a,  b,  e,  in  the  molecular  layer,  are  shown. 


Fig.  684. — Sbdtion  of  a  bird's  retina,  prepared  by  Golgi's  method 

(Cajal.) 

A,  large  (amaorine)  cell  of  inner  nuclear  layer  ;  B,  0,  smaller  amacrine  cells ;  D,  small  bipolar  nerve, 
cells  with  the  one  process  ramitjing  in  the  inner  molecular  layer,  and  the  other  one  ramifying 
in  the  outer  molecular  layer  and  extending  (E)  as  far  as  the  rods  and  cones  as  a  fibre  of 
Landolt ;  P,  G,  rod-  and  cone-nuclei  respectively  ;  H,  I,  cells  with  dendrons  ramifying  in  outer 
molecular  layer ;  J,  fibre  of  Muller. 

longitudinally  striated.  The  nucleus  of  the  rod-element  in  some  animals, 
but  according  to  Flemming  not  in  man,  has  a  transversely  shaded  aspect  in 
the  fresh  condition  (fig.  685).  The  cone-elements  are  formed  of  a  conical 
tapering  external  part,  the  retinal  cone,  which  is  directly  prolonged  into 
a  nucleated  enlargement,  from  the  farther  side  of  which  the  cone-fihre, 
considerably  thicker  (in  mammals)  than  the  rod-fibre,  passes  inwards,  to 
terminate  by  an  expanded  arborisation  in  the  outer  molecular  layer ;  here  it 
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comes  into  relation  with  a  similar  arborisation  of  the  dendruiis  of  a  cone- 
bipolar.  The  cone,  like  the  rod,  is  formed  of  two  segments,  the  outer  of 
which,  much  the  smaller,  is  transversely  striated ;  the  inner,  bulged  segment 
being  longitudinally-  marked.  The  inner  ends  of  the  rod-  and  cone-fibres,  as 
already  stated,  form  synapses  with  the  peripheral  arborisations  of  the  bipolars, 
and  through  the  latter  elements  and  their  synapses  in  the  inner  molecular 
layer  a  connexion  is  brought  about  with  the  nerve-cells  and  nerve-fibres  of 
the  innermost  layers. 

The  connexion  of  the  retinal  elements  with  one  another  and  through  the  optic 
fibres  with  the  central  nervous  system  (anterior 
corpora    quadrigemina    and   lateral    geniculate 
bodies)  is  shown  diagrammatically  in  fig.  686. 

In  birds,  reptiles,  and  amphibia  a  small 
oil-globule,  often  brightly  coloured  red,  yellow, 
or  green,  is  found  in  the  inner  segment  of  each 
cone.  Many  other  variations  of  structure  are 
met  with  in  different  animals. 

The  cones  are  most  numerous  at  the  back 
of  the  retina  ;  they  are  fewer  in  number,  and 
the  rods  are  proportionally  moi'e  numerous 
towards  the  anterior  part. 

The  pigmentary  layer  forms  the  most 
external  part  of  the  retina.  It  consists  of 
hexagonal  epithelium-cells  (fig.  687),  which 
are  smooth  externally  where  they  rest 
against  the  choroid,  but  are  prolonged  inter- 
nally into  fine  filaments  which  extend 
between  the  rods.  The  JDigment-granules, 
many  of  which  are  in  the  form  of  minute 
crystals,  lie  in  the  inner  part  of  the  cell, 
but  after  prolonged  exposure  to  light  they 
are  found  extending  along  the  cell-processes 
between  the  rods  (Ktihne),  their  function 
being  probably  connected  with  the  restora- 
tion of    the  purple  colouring  matter  which 

has  been  bleached  by  the  light.     This  extension  of  the  pigment  is  accom- 
panied by  a  shortening  of  the  cones  (Engelmann)  (fig.  688). 

Fibres  of  Miiller.— The  fibres  of  Mtiller  (fig.  684,  j,  and  fig.  689)  are 
long  cells  which  pass  through  several  of  the  retinal  layers.  Commencing 
at  the  inner  surface  of  the  retina  by  expanded  bases  which  unite  with 
one  another  to  form  the  so-called  internal  limiting  membrane  (fig.  690), 
they  pass  through  all  the  layers  in  succession,  until  they  reach  the  outer 
granule  layer.  'Here  they  branch  and  expand  into  a  sort  of  honeycomb 
tissue  which  serves  to  support  the  fibres  and  nuclei  of  the  rod-  and  cone- 
elements.  At  the  bases  of  the  rods  and  cones  this  sustentacular  tissue 
cea^s,  being  here  bounded  by  a  distinct  margin  which  has  been  called 
the   external   limiting   membrane   (fig.    689,    m.l.e.),    but    delicate   sheaths 


Fig.  685. — Diagbammatic  keprb- 
sentation  of  the  rod-  and 
cone- elements  of  the  keti^'a. 
(After  Sohwalbe.) 

The  designation  of  the  numbers  is  the 
same  as  in  fig.  678. 
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pass  from  it  around"  the  bases  of  the  rods  and  cones.  Each  Miillerian  fibre, 
as  it  passes  through  the  inner  granule  layer,  has  a  nucleated  enlargement  (6), 
indicating  the  cell-nature  of  the  fibre.  The  fibres  of  Miiller  represent 
ependyma-cells  or  long  neuroglia-cells  such  as  are  found  in  some  parts  of 
the  nerve-centres. 

There  are  two  parts  of  the  retina  which  call  for  special  description. 


Fig.  686. — Diagbam  of  the  connexions 
of  the  betinal  elements  with  one 
another    and    with    the   central 

NERVOUS  SYSTEM.      (Cajal.) 

to  ^,  layers  of  retina ;  a,  rods  and  cones ;  6, 
outer  nuclear  layer ;  c,  outer  molecular  layer ; 
d,  inner  nuclear  layer ;  e,  inner  molecular 
layer ;  /,  nerve-cells  giving  origin  to  fibres  of 
optic  nerve  ;  .9,  A,  i,  a  centrifugally  conducting 
fibre,  with  a  terminal  arborescence  in  the 
retina ;  j,  grey  matter  of  corpus  quadrige- 
niinum. 


The  macula  lutea  (yellow  spot),  with  its  central  fovea,  is  the  part 
of  the  retina  which  is  immediately  concerned  with  direct  vision.  It  is 
characterised,  firstly,  by  its  greater  thickness  (except  at  the  middle  of 
the  fovea) ;  secondly,  by  the  large  number  of  its  ganglion-cells,  which  are 
relatively  small ;  and  thirdly,  by  the  number  of  cones  it  contains  as  com- 
pared with  the  rods.  In  the  central  fovea  itself  (figs.  691,  692)  there  are 
no  rods,  and  the  cones  are  very  long  and  slender,  measuring  not  more 
than  2/i  in  diameter ;  all  the  other  layers  become  gradually  thinned  (Jpwn 
almost  to  complete  disappearance,  so  that  the  middle  of  the  central  fovea 
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is  the  thinnest  part  of  the  retina.      Since  there  are  few  rods,   the  outer 
granule  layer  loses  in  great  measure  its  appearance  of  being  composed  of 


Fig.  687. — Pigmented  epithelium  op  the  human   retina. 
(M.  Sohultze. )    Highly  magnified. 

a,  cells  seen  from  the  outer  surface  with  clear  lines  of  intercellular 
substance  between ;  &,  two  cells  seen  in  jjrofile  with  fine  offsets 
extending:  inwards ;  c,  a  cell  still  in  connexion  with  the  outer  ends 
of  the  rods. 


l{.S^I>i<llJlft<i!lS.[ltl,All  llilr.<i:..l>rj,.„£i,.Li,Lt..,.^ 
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Fig.  688. — A.  Part  of  a  section  or  the  retina  ekom  the  eye  of  a  fbog  which 

HAD     BEEN     KEPT     IN     THE     DARK     FOR     SOME     HOURS     BEFORE      DEATH.        (v. 
Genderen-Stort. ) 

The  pigment  is  collected  towards  the  outer  ends  of  the  rods,  which  were  red,  except  the  outer 
detached  rod,  which  was  g:reen.  The  cones,  which  in  the  frog  are  much  smaller  than  the  rods, 
are  mostly  elongated. 

B.    A  SIMILAR  SECTION  FROM  A  FROG   WHICH   HAD   BEEN  EXPOSED   TO   LlllllT. 

The  pigment  isextended  between  the  rods,  and  is  accumulated  near  their  bases.    The 
""  rods  were  colourless.    All  the  cones  are  contracted. 


closely  packed  nuclei,  and  the  cohe-flbrea  are  very  distinct,  forming  the 
so-called  fibrous  layer.  Except  at  the  very  centre  the  direction  of  these 
fibres  is  oblique  in  this  part  of  the  retina. 

The   pigmentary  layer   is   thickened  over  the  fovea,    and  there  is  also 
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a   thickening   in   the   choroid   coat   here,  due   to   a  large  accumulation  of 
capillary  vessels. 

The  pars  ciliaris  retinae,  which  commences  at  the  ora  serrata,  ■  where 


m.I.e. 


in.l.i. 


Fii:.     689. — A    fibre    of 

MULLER  FROM  THE  DOg's 
RETINA,    GOLUI    METHOD. 

(Cajal.) 

1,  nerve-fibre  layer  ;  2,  nerve-cell 
Iaj;er ;  3,  inner  molecular  layer ; 
4,  inner  granule  layer ;  5,  outer 
molecular     layer ;     6,      outer 

franule  layer  ;  &,  nucleus  of  the 
bre;  a,  a  process  extending 
into  inner  molecular  layer ; 
mJ.i.,  membrana  limitans  in- 
terna; m.l.e.,  membrana  limi- 
tans externa. 


Fig.  690. — Internal  limiting  membrane  of 
betina  treated  with  silver  nitrate,  show- 
ing the  outlines  of  the  bases  of  the  fibres 
OF  MiJLLER.     (G.  Retzius.) 


the  retina  proper  abruptly  ends  (fig.  693),  is  composed  of  two  epithelial 
layers  without  nervous  structures.  0£  the  two  layers,  the  external  is  a 
thick  stratum  of  pigmented  epithelium  formed  of  rounded  cells  and  con- 
tinuous with  the  pigmentary  layer   of    the  retina  on  the    one   hand,    and 
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with  the  Uvea  of  the  iris  on  the  other;  the  inner  is  a  layer  of  columnar 
cells  (fig.  671 ;  iig.  693,  a,  k). 


w»^A 


Fig.  691.^iSe(Jtion  through  the  central  part  of  the  fovea  centralis. 
Magnified  200  diameters.     (From  a  preparation  by  C.  H.  G-olding-Bird.) 


Fif:.    692.— DiAfiBAM   OF  THE   ARE/VNGEMENT   OF  THE  RETINAL   JiLEMENTS 
AT  THE  CENTRAL  FOVEA. 

iV,  bases  of  JluUerian  flbi-cs  ;  ,7,  ganglion -cells  ;  h,  nuclei  of  inner  granules  (bipolavs) ; 
n,  cone-fibre  nuclei ;  c,  cones. 

Vessels  of  the  retina. — The  retina  contains  relatively  few  blood-vessels. 
The  central  artery  enters  and  the  vein  leaves  it  in  the  middle  of  the 
optic  nerve.     The  larger  vessels   ramify  in   the   nerve-fibre   layer.     There 
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are  capillary  networks  in  this  layer  and  in  the  inner  nuclear  layer  with 
perivascular  lymph  spaces  around  the  veins  and  capillaries.  The  sensory 
epithelium  receives  no  blood-vessels,  it  is  nourished  from  the  vessels  of 
the  choroid. 

THE   LENS   AND   VITREOUS    HUMOUR. 

The  lens.  —The  lens  is  a  laminated  fibrous  body  enclosed  by  a  trans 
parent  elastic  capsule  to  which,  around  the  circumference,  the  fibres  of 
the  suspensory  ligament  are  attached  (fig.  673).  Immediately  within  the 
capsule,  in  front  and  at  the  sides,  there  is  a  layer  of  cubical  epithelium 
termed  the  epithelium  of  the  capsule,  but  at  the  margin  of  the  lens  the 
cells  become  longer  and  pass  by  a  gradual  transition  into  the  leffi-fibres 
(fig.  694).     The  fibres  which  compose  the  lens  are  long  and  riband-shaped, 


Fig.   693.— Section  or   human    retina  at  oka  serrata,   showing    the>  abrupt 

TERMINATION   OF  THE  USUAL  RETINAL  LAYERS  AND    THE    CONTINUATION   OF  THE 
RETINAL    SHEET    AS    TWO    LAYERS    OF    CELLS,    WHICH  FORM    THE    PARS    OILIARIS 

RETIN.*;.     (Piersol.) 

a,  iT,  pigment  layer ;  6,  rod-  and  cone-layer  ;  c,  outer  nuclear  layer  ;  d,  outer  molecular  layer ;  e, 
inner  nuclear  layer ;  /,  inner  molecular  layer ;  g,  ganglion-cell  and  nerve-fibre  layers ;  A, 
section  at  transition  line  ;  k,  columnar  cells  of  pars  ciliaris ;  i,  a  cyst  (such  cysts  occur  occasion 
ally  here). 


with  finely  serrated  edges  (fig.  695,  A) ;  their  transverse  sections  are 
prismatic  (B).  Many  of  the  superficial  fibres  are  nucleated  (0),  the  lens- 
fibres  having  originally  been  developed  by  the  elongation  of  epithelium- 
cells. 

The  vitreous  humour. — This  is  composed  of  soft  gelatinous  tissue, 
apparently  structureless  when  examined  in  the  fresh  condition,  but  con- 
taining fibres  and  a  few  scattered  cells,  the  processes  of  which  are  often 
long  and  varicose,  and  the  cell-bodies  distended  by  large  vacuoles.  The 
hyaloid  membrane,  which  invests  the  vitreous  humour,  is  homogeneous  and 
structureless  except  in  the  region  of  the  ciliary  processes,  where  it  is  fibrous 
in  structure,  forming  the  zonule  of  Zinn  and  spreading  out  into  the  suspensory 
ligament  of  the  lens  (fig.  673).  This  part  "of  the  hyaloid  membrane  is 
connected  with  an  annular  fibrous  portion  of  the  vitreous  humour  which 
serves  to  give  additional  firmness  to  the  attachment  of  the  fibres  of  the 
suspensory  ligament  of  the  lens  (Anderson  Stuart). 
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Fig.  69o. — Fibres  of  the  cryst^vlline 
LENS.     350  diameters. 

A,  lony:itudinal  view  of  the  fibres  of  the  lens  of 
the  ox,  showing:  the  serrated  edges.  B,  trans- 
verse section  of  the  fibres  of  the  lens  of  the 
human  eye.  C,  longitudinal  view  of  a  few  of 
the  fibres  from  the  equatorial  region  of  the 
human  lens.  Most  of  the  fibres  in  0  are  seen 
edgewise,  and,  towards  1,  present  the  swell- 
ings and  nuclei  of  the  "  nuclear  zone  "  ;  at  2,  the 
flattened  sides  of  two  fibres  are  seen.  (A  and 
B  from  Kolliker ;  0  from  Henle.) 


Fio.    694.— Section    through    the 

MARGIN      OF     THE     RABBIT'S      LEN  S, 

showing  the  transition  of  the 
epithelium  of  t£lb  capsule  into 
lens-fibres.     (Babuchin. ) 
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LESSONS  XLIX.  AND   L. 
THE    NOSE   AND    EAR. 

1.  Vertical  sections  of  the  nasal  mucous  membiane.  The  sections  may  be  carried 
either  across  tlie  upper  turbinate  bone,  after  decalcification,  or  across  the  upper 
part  of  the  nasal  septum.  Make  a  sketch  under  the  low  power.  Notice  the 
difference  in  the  character  of  the  epithelium  in  the  olfactory  and  respiratory  parts 
of  the  membrane. 

2.  Teased  preparation  of  the  epithelium  of  the  olfactory  mucous  membiune. 
A  piece  of  the  membrane  is  placed  quite  fi'esh  in  osmic  acid  (1  jjer  cent.)  for  a  few 
hours,  and  is  then  macei'ated  for  two  days  oi'  more  in  water.  The  epithelium  is 
Iji'okeii  up  in  dilute  glycerine  ;  the  cells  easily  separate  from  one  another  on 
tapping  the  cover-glass.  Notice  the  two  kinds  of  cells.  Sketch  some  of  the  cells 
under  a  high  powei.' 

3.  Sections  of  the  external  ear  (these  have  been  alreadv  studied  for  the  cartilage, 
Lesson  XII.). 

4.  Sections  aci-oss  the  cartilaginous  pai't  of  the  Eustachian  tube.  These  may 
be  included  in  the  same  preparation  that  furnishes  sections  of  cochlea.  Sketch 
under  the  low  power. 

.').  Preparation  of  the  membiuna  tympani.  A  piece  of  the  membrane,  stained 
with  magenta  and  gentian  violet  (see  Lesson  IX.,  §  2),  is  mounted  flat  in  dammar. 

Determine  the  composition  of  the  membrane — i.e.,  the  several  layers  composing 
it — by  focussing  cai'efully  with  the  high  powei'. 

6.  Sections  across  one  of  the  membranous  semicircular  canals  of  a  fish  (skate). 

7.  Longitudinal  sections  thi'ough  the  ampulla  of  a  semiciicular  canal  (skate). 

6  and  7  may  be  hai'dened  in  cliromic  and  osmic  acid  (see  below  under  10)  and 
eiiibedded  in  celloidin. 

8.  Golgi  preparations  of  the  macula  of  the  utricle  from  the  skate. 

9.  Teased  osmic  preparations  of  the  auditoiy  epithelium  of  an  ampulla  or  of  the 
macula  of  the  utricle,  from  the  skate. 

10.  Vertical  sections  through  the  middle  of  the  cochlea  of  a  mammal  (guinea-pig). 
The  pait  of  the  petrosal  containing  the  cochlea  is  put  quite  fi'esh  into  0'2  pei' 

cent,  chromic  acid  containing  one-fifth  its  volume  of  1  per  cent,  osmic  acid,  or 
into  undiluted  Flemming's  solution,  or  10  per  oent.  formol.  The  decalcification 
can  be  effected  by  the  use  of  the  phloroglucin-nitric  acid  fluid,  or  by  sulphurous 
acid.^  When  decalcified,  the  preparation  is  well  washed,  and  then  tiunsferred  to 
alcohols  of  gradually  increasing  strength. 

The  semicircular  canals  and  their  ampullae  may  also  be  seen  cut  across  in  these 
sections  of  the  petrosal. 

In  preparing  sections  of  the  membranous  labyrinth  it  is  advisable,  in  order 

that  the  epithelium  should  be  kept  in  position,  to  embed  in  celloidin.  If  the 

paraffin  method  of  embedding  be  used,  the  sections  are  fixed  to  the  slide  by 
the  albumin  process.     The  organ  should  preferably  be  stained  in  bulk. 

'  The  connexion  of  the  olfactory  cells  with  the  olfactory  nerve-fibres  is  displayed  in 
embryos,  the  method  of  Golgi  being  employed. 
^  See  Appendix. 
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the  guiner^'f  °^'"'''  P''«'l'^''*"°"«  °f  the  epithelium  of  the  organ  of  Corti  from 
Make  sketches  from  all  these  preparations  uuder  the  high  power.i 


THE   OLFACTOKY   MUCOUS   MEMBRANE. 
The  olfactory  region  of  the  nasal  foss;*;  includes  in  man  the  upper  and 


\i 


I'lii.  696. — Cells  and  tekminal  ^'ervjs-fieres  of  the  olfactory  beuion. 
Highly  magnified. 

i,  from  the  fro{j  ;  ':i  and  5,  from  man.  In  1  and  .i  :— «,  sustentacular  cell,  extending  deeply  into  a 
ramified  process ;  6,  olfactory  cells ;  c,  their  peripheral  rods  ;  e,  the  extremities  of  these,  seen 
in  1  to  be  prolonged  into  fine  hairs ;  d,  their  central  filaments.  In  5 : — A,  hairlets ;  c,  free 
border  of  ceil ;  ^,  periiJheral  process  ;  f*,  body  of  cell ;  ??,  nerve-fibre.  1  and  2i  from  M.  Schultze  ; 
5  from  V.  Brunn. 


middle  turbinate  processes  and  the  upper  third  of  the  septum.     It  is  covered 
by  a  soft  vascular  mucous  membrane  of  a  yellow  colour. 

The  epithelium  of  the  olfactory  mucous  membrane  (fig.  696,  'S)  is  very 
thick  and  is  composed  of  long  cells,  set  closely  side  by  side  and  bounded 
superficially  by  a  cuticular  lamina,  through  which  the  free  ends  of  the  cells 
project.  The  cells  are  of  two  kinds:  1.  Long,  narrow,  spindle-shaped,  or 
bipolar  nerve-cells  consisting  of  a  larger  part  or  body  (6)  containing  the 
nucleus,  and  of  two  processes  or  poles,  one  (c)  straight  and  cylindrical  and 

'  For  details  of  the  somewhat  complicated  methods  of  obtaining  the  various  parts  of 
the  labyrinth  for  microscopical  examination,  the  student  is  referred  to  the  author's 
Course  of  Practical  Histology. 
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extending  to  the  free  surface,  the  other  {d)  very  delicate  and  varicose, 
looking  not  unlike  a  nerve-fibril  and  extending  down  towards  the  corium. 
The  position  of  the  nuclear  enlargement  varies,  and  with  it  the  relative 
length  of  the  two  processes.  The  distal  or  free  process  terminates  in  a  small 
clear  projection,  which  passes  beyond  the  cuticular  membrane ;  in  amphibia, 
reptiles,  and  birds,  and  perhaps  also  in  mammals,  it  bears  fine  stiff'  hair-like 
filaments  (fig.  696,  1,  S).  The  proximal  or  varicose  process  becomes  lost 
amongst  the  plexus  of  olfactory  nerve-fibres,  at  the  base  of  the  epithelium. 
It  is  continuous  with  one  of  these  fibres,  and  ultimately  passes  through  the 
cribriform  plate  of  the  ethmoid  to  end  in  an  arborisation  within  an  olfactory 
glomerulus  (see  diagram,  fig.  653,  p.  492).     These  cells  have  been  termed  the 


Fig.  697. — Section  of  olfactory  mucoos  membbane.     (Cacliat.) 
u,  epitbelium ;  h,  glands  of  Bowman ;  c,  nerve-bundles. 


olfactory  cells.  2.  Long  columnar  epithelium-cells  (fig.  696,  a),  with  compara- 
tively broad  cylindrical  nucleated  cell-bodies  placed  next  to  the  free  surface, 
and  forked,  branching,  tail-like  processes  extending  down  to  the  corium. 
These  are  regarded  not  as  sensory  epithelium-cells,  but  merely  as  serving  to 
support  the  proper  olfactory  cells.  They  are  termed  sustentaoular  cells. 
3.  Tapering  cells  are  present,  at  least  in  some  animals,  in  the  deeper  part 
of  the  epithelium.  They  rest  by  their  bases  upon  the  corium,  and  project 
between  the  other  cells,  which  they  assist  to  support. 

The  coriuYn  of  the  olfactory  mucous  membrane  is  also  thick  (fig.  697). 
It  contains,  besides  numerous  blood-vessels,  bundles  of  the  olfactory  nerve- 
fibres  (which  are  non-meduUated),  and  a  large  number  of  granular-looking 
serous  glands  known  as  Bowman's  glands  (6),  which  open  upon  the  surface  by 
ducts  passing  between  the  epithelium-cells. 
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THE   EXTERNAL   AND   MIDDLE   EAR. 

The  external  ear  proper  {pinna)  is  composed  of  elastic  fibro-cartilage, 
invested  by  a  thin  closely  adherent  skin.  The  skin  is  covered  by  small 
hairs,  and  connected  with  these  are  the  usual  sebaceous  follicles.  In  the 
lobule  there  is  a  considerable  amount  of  adipose  tissue ;  voluntary  muscular 
fibres  are  in  places  attached  to  the  cartilage  of  the  pinna,  and  are  seen 
in  sections. 

The  external  auditory  meatus  is  a  canal  formed  partly  of  cartilage 
d 


Frii.  698. — Section  of  ceritminous  gland  of  the  external  ear. 
Photograph, 
rf,  duct  of  gland,  having^  a  spiral  course  and  therefore  cut  several  times  ;  it  is  partly  filled  with 
cerumen  ;  gl^  secreting  tubules  of  gland ;  s,  extremitj'  of  a  tubule  of  a  sebaceous'gland  which 
#  extended  as  far  as  the  base  of  the  ceruminous  gland. 

continuous  with  that  of  the  pinna,  partly  of  bone.  It  is  lined  by  a  pro- 
longation of  the  skin  and  is  closed  by  the  merabrana  tympani,  over  which 
the  skin  is  prolonged  as  a  very  thin  layer.  Near  the  orifice  the  skin  has 
hairs  and  sebaceous  glands ;  the  meatus  is  also  provided  throughout  the 
cartilaginous  part  with  convoluted  tubular  glands  of  a  brownish-yellow 
colour,  which  yield  a  waxy  secretion  {cerwminous  glands).  They  represent 
modified  sweat  glands.     A  section  of  one  is  represented  in  fig.  698. 

The  tympanum  is  lined  by  a  mucous  membrane  which  is  continuous 
through  the  Eustachian  tube  with  the  mucous  membrane  of  the  pharynx ; 
it  is  also  prolonged  into  the  mastoid  cells.  The  epithelium  is  columnar  and 
ciliated  in  some  parts,  but  in  others — e.g.  roof,  promontory,  ossicles,  and 
membrana  tympani — there  is  a  pavement-epithelium. 
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The  iuembra,na  tympani  is  a  thin  membrane  formed  of  fibrous  bundles 
which  radiate  from  a  central  depression  (umbo).  Within  the  radial  fibres 
are  a  few  annular  bundles.  Covering  the  fibrous  membrane  externally  is 
a  thin  layer  continuous  with  the  skin  of  the  meatus ;  covering  it  internally 
is  another  thin  layer,  derived  from  the  mucous  membrane  of  the  tympanic 
cavity.  A  few  blood-vessels  and  lymphatics  are  distributed  to  the  membrane, 
chiefly  in  the  cutaneous  and  mucous  layers. 

Tlie  Eustachian  tube  is  the  canal  leading  from  the  tympanum  to  the 


Fia.  699. — Section  across  the  cartilaqinous  i'art  of  fHE  Eustachian 
TUBE.     (BtiiJinger.) 

1,  2,  bent  cartilaginous  plate  ;  3,  muse,  dilatator  tubas ;  to  the  left  of  4,  part  of  the  attachment  of 
the  levator  palati  mu.scle  ;  5,  iihrous  tissue  uniting  tlie  tube  to  the  base  of  the  skull ;  6  and  7, 
nuicous  glands ;  8,  10,  fat ;  9  to  11,  lumen  of  the  tube ;  12,  connective  tissue  on  the  lateral 
aspect  of  the  tube. 

pharynx.  It  is  formed  of  bone  near  the  tympanum,  but  below,  near  the 
pharynx,  it  is  bounded  partly  by  a  bent  piece  of  cartilage  (fig.  699,  1,  2), 
partly  by  fibrous  tissue.  The  latter  contains  numerous  jnucous  glands  (6,  7), 
which  open  into  the  tube,  and  on  the  outer  side  a  band  of  muscular  tissue  (3) 
which  joins  the  tensor  palati.     The  epithelium  is  ciliated. 


THE   INTERNAL   EAR. 

The  labyrinth,  which  is  the  essential  part  of  the  auditory  organ,  consists 
of  a  complex  membranous  tube  lined  by  epithelium  and  filled  with  endolymph, 
contained  within  a  bony  tube — the  osseous  labyrinth— of  corresponding 
complexity  of  shape  (figs.  700,  701).  The  membranous  labyrinth  does  not 
wholly  fill  the  bony  cavity ;  the  rest  of  the  space  is  occupied  by  perilymph. 
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The  membranous  labyrinth  (fig.  700)  is  composed  of  the  utricle  (u),  the 
three  semicircular  canals  (each  with  an  enlargement  or  ampulla  at  one 
end),  the  saccule  (s),  and  the  canal  of  the  cochlea  (c.c). 

The  branches  of  the  auditory  nerve  pass  to  certain  parts  only  of  the 
membranous  labyrinth,  viz.,  the  maculae  of  the  utricle  and  saccule,  the  cristas 
of  the  ampullae,  and  along  the  whole  length  of  the  canal  of  the  cochlea  (the 
shaded  parts  in  fig.  700).  At  these  places  the  lining  epithelium  is  specially 
modified  to  form  a  sensory  or  nerve-epithelium  ;  elsewhere  it  is  a  simple 
pavement-epithelium. 

The  membranous  semicircular  canals^ and  the  utricle  and  saccule  are 
composed  of  fibrous  tissue,  which  is  adherent  along  one  side  to  the  endosteum 


JSJltf, 


Fi(i.  700. 

Fia.  700. — Plan  of  the  rirht  membranous  labyrinth  viewed  from 
THE  MESIAL  ASPECT.     Magnified  24  times. 

it,  utricle,  with  its  macula;  g.s.c..,p.s.c.,  ande-s.c,  the  three  semicircular  canals  with  their  ampullffi ; 
s,  saccule;  ag.w.,  aquseductus  vestibulL;  s.e.,  saccus  endolymphaticus ;  c.r.y  canalis  reuniens; 
c.c,  canal  of  the  cochlea. 

Fio.  701. — View  of  the  interior  of  the  left  osseous  labyrinth. 

The  bony  wall  of  the  labyrinth  is  removed  superiorly  and  externally.  1,  fovea  hemielliptica  ;  2,  fovea 
hemisphaerica ;  3,  common  opening  of  the  superior  and  posterior  semicircular  canals  ;  4,  opening 
of  the  aqueduct  of  the  vestibule  ;  5,  the  superior  ;  6,  the  posterior,  and  7,  the  external  semi- 
circular canals  ;  8,  spiral  tube  of  the  cochlea ;  9,  scala  tympani ;  10,  scala  vestibuli. 


of  the  bony  canal ;  from  the  opposite  side  bands  of  fibrous  tissue  pass  across 
the  perilymph  (fig.  702).  Within  the  fibrous  membrane  is  a  thick  clear 
tunica  propria,  which,  in  the  semicircular  canals,  may  form  papilliform 
elevations  in  the  interior  of  the  tube. 

The  places  of  entrance  of  the  nerve-fibres  are  marked  in  each  ampulla  by 
a  transverse,  inwardly  projecting  ridge  (crista),  in  the  saccule  and  utricle 
by  a  broader  thickening  of  the  tunica  propria  (macula).  The  epithelium  at 
these  places  is  formed  of  columnar  cells  (fig.  703),  which  are  surmounted  by 
long,  stiff,  tapering  hairs  (fig.  703,  h;  fig.  704).  Around  these  hair-cells 
the  axis-cylinders  of  the  nerve-fibres  ramify  (fig.  705) ;  they  are  therefore- 
like  the  gustatory  cells  of  the  taste-buds — sensory  epithelium-cells.  Between 
them  are  a  number  of  thin  and  somewhat  rigid  nucleated  cells  (fibre-cells 
of  Retzius),  which  rest  upon  the  basement-membrane,  and  are  connected  at 
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their  free  extremity  with  a  cuticular  membrane,  through  which  the  above- 
mentioned  hairs  project. 

The  hairs  do  not  jut  freely  into  the  endolymph,  but  into  a  soft  mucus- 
hke  substance,  of  a  dome-like  form  in  the  ampullse  {cupula  terminalis,  fig. 


end 
Fio.  702. — Section  of  semicirculau  oanal,  new-born  child. 
Magnified  55  diameters. 


(Sobotta.) 


c.t.f  connective-tissue  strands,  between  membranous  canal  and  endosteum  of  bony  canal ;  tn., 
membranous  canal ;  b,  wall  of  bony  canal ;  c,  remains  of  foetal  cartilage ;  end,  endosteum ;  v, 
blood-vessels. 


703) ;  in  the  saccule  and  utricle  this  substance  has  a  quantity  of  calcareous 
particles  (otoliths)  embedded  in  it. 

The  coclilea  consists  of  a  bony  tube  coiled  spirally  around  an  axis  which 
is  known  as  the  columella  (figs.  706,  707).  The  tube  is  divided  along  its 
length  by  a  partition — formed  partly  by  a  projecting  lamina  of  bone  {spiral 
lamina),  partly  by  a  flat  membrane  {basilar   memhrane) — into  two   parts 
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(scala) ;  the  upper  (supposing  the  cochlea  resting  base  downwards)  being 
termed  the  suala  vestibuli,  the  lower  scala  tympani ;  the  latter  is  closed  near 
its  larger  end  by  the  membrane  of  the  fenestra  rotunda  through  which,  in 
the  macerated  bone,  the  cavity  of  the  tympanum  communicates  with  the 
scala  tyrapani.  The  scahe  are  lined  by  endosteum,  and  are  filled  with 
perilymph,  continuous  with  that  of  the  rest  of   the  labyrinth  at  the  com- 


FiG.  703. — Longitudinal  section  of  an  ampulla  of 

CKISTA   ACUSTIt'A    (DIA(iRAMMATIC). 


V    FISH   THBOUOII   THE 


attached  to  the  wall  of  the  membranous  ampulla  and  traversmg  the  perilymph  ;  e,  e,  flattened 
epithelium  of  ampulla ;  A,  hairs  projectinif  from  the  columnar  cells  of  the  epithehum  uito 
the  cupula,  cup.term.  ;  c,  blood-vessels ;  «,  uerve-fibres  entermj?  the  base  of  the  crista  and 
passing  into  the  columnar  epithelium. 

mencement  of  the  scala  vestibuh ;  they  communicate  with  one  another  at  the 
apex  of  the  cochlea  by  an  opening,  the  helicotrema. 

The  scala  vestibuli  does  not  occupy  the  whole  of  that  part  of  the  bony 
tube  of  the  cochlea  which  is  above  the  partition  just  mentioned.  Its  outer 
and  lower  third  is  cut  off  by  a  delicate  connective-tissue  membrane  {mem- 
brane of  Heissner,  fig.  708,  li),  which  springs  from  near  the  end  of  the  spiral 
lamina,  and  passes  upwards  and  outwards  to  the  outer  wall,  thus  separating 
a  canal  (d.c.)  triangular  in  section,  which  is  li«ed  by  epithelium,  and  represents 
the  membranous  labyrinth  of  the  cochlea  {duct  or  canal  of  the  cochlea). 

The  floor  of   the  canal  of   the  cochlea  is  formed  (1)  of  the  extremity 
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of  the  spiral  lamina,   which  is  thickened  above  by  a  peculiar  kind  of  con- 
nective  tissue,   forming    an   overhanging    projection   known    as    the    linibus 


'If  ji' 


.•1 


'-*  JiiljE: 


Fk;.     704. ^SjiCTKI^     Hi'    AMIH'JAA    OF    1 1 1' I.N  EA-Tll :. 

preparation  by  H.  Pringle. 


liiotographed  from  a 


e,  tpitlieliuni  liecniiiiiii.^  L-ohinniar  o\er  the  eriwta,  where  the  eells  ale  fiiniiirhed  ^v'itii  hahlels;  c, 
eoriuni  of  deheate  eonneeti\  e  tissue,  with  the  nel\  e-fihres  passiii^^  to  the  epithelium  ;  b,  hone, 
with  canals  containing'  bundles  of  nerve-fibres. 


Fiii.   705. — Nerve  TEiiiiiiiS.vriOiNs  in   jiACt'E.i :  (JhJjCL  method,     (v.  Lcnhossek.) 

(fig.  708,  /)  ;  and  (2)  of  the  basilar  membrane  (!i-m.),  which  stretches  across 
from  the  end  of  the  bony  lamina  to  the  outer  wall,  and  is  attached  to  this 
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by  a    projection    of    retiouliu-   connective  tissue  teiined  tlie  spiral  ligament 
{Up). 

The  basilar  ineinbranf  is  composed  of  stitt'  straight  fibres,  which  extend 
from  within  out,  and  are  embedded  in  a  homogeneous  substance.  The 
membrane  is  coxered  below  by  a  layer  of  connectixe  tissue  continuous  with 
the  endosteum  of  the  scala  tympani  ;  the  modified  epithelium  which  f(jr!ns 


C  - 


Y\r..  7Uti 


C'orti  on  iii(.'Tiiln? 


-SKCTION    THKOi;i:II    THE    (.'(IL'iUJiA    UK    THE 

Magnified  25  diameters. 

t-ala  \e^titnili  ;   ,sc(,  scala  tyinpani ;    ii\  lioii\ 
asilavis  ;    //|7V.  iiirnilnano  of  lieissufi- ;    /i,  iici 
.^tr.r     ^ti'ia  \  asi-iilaris. 


(Siibulta. 


r.„-hlua  ;  C,  .ii' 
cs  of  coflilfar 


m^ 


the  orijiiv,  of  Corli  rests  upon  its  upper  surface.  It  liecomes  gradually 
Ijroader  in  the  upper  turns  of  the  cochlea  (rather  more  than  twice  as  broad 
in  the  uppermost  as  compared  with  the  lowermost  turn),  and  its  constituent 
fibres  become  therefore  gradual!}-  h.uiger. 

The  organ  of  Corti  consists  of  the  followhig  structures : — 
1.    The    rods   of  C'orti,    tw(.i    series    (inner    and    outer)    of   stiff',    striated 
structures,  of  a  peculiar  shape,  the  inner  somewhat  like  a  human  ulna,  the 
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canal  of      soala    membrane  of 
he  cochlea  vestibuli     lieissner 


gan-         gan-    membrane  of       membrana 
(jlion       Reissner  tectorla 


scala     basilar 
tympani  membrane 

Flu.  707. Vkktical  section  through  the  middle  of  the  human  cochlea. 

(Diagrammatic. ) 


n       sp.l 


Flit.  708. — Vektical  section  of  the  fikst  turn  uf  the  human  cochlea. 

(G.  Retzius.)  * 

j.y,  scala  vestibuli;  s.f,  scala  tympani;  d.c,  canal  or  duct  of  the  cochlea;  sp.2,  spiral  lamina; 
'  n,  nerve-fibres;  L8p,  spiral  ligament ;  str.v,  stria  vascularis;  s.sp,  spiral  sulcus;  R,  section  of 
lleissner's  membrane ;  \  limbus  laminae  spiralis  ;  m.t,  membrana  teotoria ;  tC,  tunnel  of  Oorti ; 
i;.w,  basilar  membrane  ;  hX,  h.e,  internal  and  external  hair-cells. 
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outer  like  a  swan's  head  and  neek  (fig.  709).  They  rest  by  one  extremity 
(the  foot)  on  the  basilar  membrane  a  short  distance  apart,  and  are  inclined 
towards  one  another,  their  larger  ends  (heads)  being  jointed  together;  the 
series  of  rods  thus  enclose  a  sort  of  tunnel,  the  floor  of  which  is  formed  by 


Firt.  709. — A  pair  of  kods  of  Coeti,  from  the  rabbit's  cochlisa,  in  sujh 
VIEW.     Highly  magnified. 

b,  h,  basilar  membrane  ;  /.r.,  inner  rod  ;  e.r.,  outer  rod.    The  nucleated  protoplafiniic  mas-se."^  at 
the  feet,  which  represent  the  cells  from  which  the  rods  have  been  formed,  are  also  shown. 

a  part  of  the  basilar  membrane  (fig.  711).  Close  to  their  feet  may  usuallv 
be  seen  the  remains  of  the  cells  from  which  they  have  been  formed.  The 
inner  rods  are  narrower  and  rather  more  numerous  than  the  outer.  The 
head  of  each  outer  rod  has  a  process  which  extends  outwards  and  is  known 
as  the  phalangeal  process.     This  forms  part  of — 

2.  A  reticular  lamina  (fig.    711,   ?.r.),    which    is   a  cuticular    structure 
extending  like  a  wire-net  over  the  outer  epithelium-cells  of  the  organ  of 


Limbux, 


Membrana  teetoria. 


Outer  hah'-cells. 


Nerve- 
jlbres. 


Inner    Blood-      Basilar       Outer      ' — , — ' 
rod.      vessel,  ritembrane.       rod.     Cells  of 
Deiters. 


"Fifi.  710. — Section  tiirouoh  the  oroan  of  Corti  of  the  human  cochlea. 
(Gr.  Retzius. )     Highly  magnified. 


Corti,  and  is  composed  of  two  or  three  series  of  stiff  fiddle-shaped  rings 
{phalanges)  cemented  together  in  such  a  manner  as  to  leave  square  or  oblong 
apertures  through  which  the  hairlets  of  the  outer  hair-cells  project. 

.3.  The  outer  hair-celh  placed  external  to  the  rods  of  Corti.     These  are 
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epithelium-cells  of  eiilumnar  shape,  arranged  in  three  series  (four  in  man, 
fig.  710).  The  free  extremity  of  the  cell  is  surmounted  by  a  bundle  of  short 
auditory  hairlels,  and  projects  through  one  of  the  apertures  in  the  reticular 


Frii.    711. — Semi-titackammatic   vikw   (if  part   of    the    basilar   membrane   and 

TUNNEI.     (IF      CdRTI      (IF      THJC      ];AI1BIT,       FROM      ABOVE      ANT)     THF,     .SIDE.         Mucll 

magnitieci. 

U  linibns ;  C/*.,  exti'eiuity  or  nrest  of  liiiilms  with  tooth-like  ]irojeotions ;  h,  basilar  meiiilirane ; 
sp.l.^  spiral  lamina  with,  p,  perforations  for  transmi.ssion  of  nerve  filires  ;  i.r.,  fifteen  of  the 
inner  rods  of  Corti  ;  fi.i.,  their  flattened  heads  .seen  from  .abo^■e  ;  c.y.,  nine  outer  rods  of  Corti  ; 
//.(?..  their  heads,  with  the  ]ihalan£real  processes  extenthni,^  outward  from  them  and  forming', 
with  the  two  rows  of  ]ihalaii;^-es.  the  lamina  reticularis,  J.r. 


Ffd.  712. — Four  ceels  of  Deiters  from  the 
RABBIT.     (G.  Retzius. )     Highly  magnified. 

Tiie  varicose  lines  are  nerve-fihrils.  The  phalangeal  pro- 
cesses are  attached  above  to  a  portion  of  the  lamina 
reticularis. 


lamina ;  the  fixed  extremity  is  prolonged  into  a  stiff  cuticular  process, 
which  is  attached  to  the  basilar  membrane.  Between  the  hair-cells  ai'e 
other  (sustentacular)  cells  which  are  tapered  in  the  same  manner,  but  rest  by 
theii'  larger  end  upon  the  Ijasilar  membrane,  and  are  prolonged  above  into  a 
cuticular  process  which  is  attached  to  the  reticular  lamina  [rells  of  Deiters, 
fig,s.  710,  1\-1). 

4.  The  inner  hnir-ci'.lh  (fi,g.   710),    placed    internal   to  the  rods  of  Corti, 
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They  form  a  single  series  (if  columnar  cells  surmounted  by  auditory  hairlets, 
lying  in  close  apposition  to  the  inner  r(jds. 

The  remaining  epithelium-eells  have  no  important  characteristics.     They 


Fie.    713. — PiiRTION    OF    MEMJ3RANA    TECTORIA    OF    I'Til,    OISPT^AYrNfl    THE    ITNDER 

.'irRF.\eE  AND  A  CROSS  SECTiiix.     ( Hardesty. ) 

,  tliiniier  I'dire  liy  wliii'li  if,  is  atlacliL-il  to  tlie  limljus;  o,  ilistal  uclije  ;  .?.  scctinpi  showing  .arraii^e- 
irient  of  orossed  fibres;  I,  lint-  impressfrl  Ijv  eili,'e  of  linilnis;  //,  line  of  Hens™  wliieli 
overlies  the  heads  of  the  roils  of  f 'orti  ;  H  to  n,  lattiei..l  hn  er  on  nnrh^r  surfaee 


Fill.   714, — General  view  of  the 

MODE  OF  DISTRIBUTION  OF  THE 
eoCHEE.VK  NERVE,  ALE  THE 
OTHER        t'ARTS       HAVINO       P.KEN 

RtnidVEii.      (Arnolrl.) 


are  long  and  columnar  next  to  the  outer  h:iir-eells,  but  soon  diminish  in  size 
and  become  cubical;  in  this  form  they  are  continued  over  the  outer  wall 
of  the  cochlear  canal.  Here  they  co\er  a  very  vascular  membrane  (stria 
vasada?-is,  fig.  70S,  slr.i\),  which  is  frequenth^  jiigmented ;  its  capillary 
blood-ve.ssels  penetrate  between  the  ejiithelium-cells.  Internal  to  the  inner 
hair-cells  the  epithelium  also  soon  becomes  cubical;  it  is  prolonged  over  the 
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limbus  of  the  spiral  lamina.     The  epithelium  of  Reissner's  membrane  is  of 
the  pa-vement  variety. 

The  membrana  tectoria  (figs.  708,  710,  713)  is  a  soft,  fibrillated  structure, 

which  is  attached  along  the  upper 
surface  of  the  limbus  where  it  is 
thin :  it  lies  like  a  pad  over  the 
organ  of  Corti.  It  has  a  thin 
distal  prolongation  which  is  retic- 
ular in  appearance  when  seen  on 
the  flat.  According  to  Retzius 
this  thin  part  is  attached  to  the 
lamina  reticularis.  Probably  the 
lower  surface  of  the  membrane 
rests  on  the  epithelium  of  the 
organ  of  Corti  during  life, 
although  in  sections  it  usually 
appears  raised  a  short  distance 
above  the  auditory  hairs. 

The  fibres  of  the  cochlear  branch 
of  the  auditory  nerve  enter  the 
base  of  the  columella,  and  run  in 
canals  through  its  substance  (figs. 
706,  707),  being  gradually  deflected 
outwards,  as  they  pass  through  it, 
into  the  spiral  lamina ;  at  the  base 
of  this  they  swell  out  into  a  con- 
tinuous ganglionic  cord  (spiral 
ganglion).  The  fibres  take  origin 
from  the  cells  of  this  ganglion. 

After  leaving  the  ganglion  and 
traversing  the  spiral  lamina  they 
emerge  in  bundles,  and,  having 
lost  their  medullary  sheath,  they 
then  pass  into  the  epithelium  of 
the  inner  hair-cell  region.  Here  some  of  them  turn  at  a  right  angle  and 
are  directly  applied  to  the  inner  hair-cells,  whilst  others  cross  the  tunnel 
of  Corti,  to  become  applied  in  like  manner  to  the  outer  hair-cells  and  the 
cells  of  Deiters  (figs.  710,  715).  The  nerve-fibrils  apparently  lie  between 
and  in  close  contact  with  these  cells,  but  there  does  not  appear  to  be  any 
direct  continuity  between  the  fibrils  and  the  cell-substance. 


Fig.  715. — Ending  or 'some  oi'  the  fibres 

OF  THE   COCHLEAK  NERVE   AMONGST   THE 

HAIR-CELLS.      (G.  Retzius.) 

This  preparation  is  made  by  Golgi's  method,  and  is 
viewed  from  above,  g,  a  cell  belonging  to  the 
spiral  ganglion. 


APPENDIX. 

METHODS   USED   IN   HISTOLOGY.i 

Mounting  solutions  :— 1.  Normal  silt  solution.— A.  06  to 0-9  per  cent,  solution 
of  common  salt  is  used  in  place  of  serum  for  mounting  fresh  tissues  for  immediate 
examination.  The  lower  percentage  is  used  for  frog's  tissues,  the  higher  for 
mammals.  Ringer's  solution  may  be  substituted  for  normal  salt  solution  with 
advantage.  Tlie  composition  of  Ringer's  solution  for  mammalian  tissues  is  as 
follows  :— NaCl,  '9  gm.  ;  KCl,  -042  gm.  ;  CaCla  "024  gm.  ;  in  100  c.c.  distilled 
water.  For  frog  tissues  -6  gm.  NaCl  is  taken.  Preparations  mounted  in  these  salt 
solutions  cannot  be  preserved  permanently. 

2.  Glycerine,  diluted  with  an  equal  quantity  of  water.  The  cover-glass  should 
be  fixed  by  gold  size. 

3.  Farrant's  solution. — This  is  made  by  dissolving  10  gm.  of  clear  picked  gum 
arable  in  10  c.c.  distilled  water,  and  mixing  with  5  gm.  glycerine.  A  piece  of 
camphor  is  added  to  prevent  the  growth  of  moulds.  As  a  mounting  medium 
b^arrant's  solution  has  the  advantage  over  glycerine  of  setting  firm  at  the  edges  of 
the  cover-glass. 

4.  Canada  balsam,  from  which  the  volatile  oils  have  been  driven  off  liy  heat, 
dissolved  in  xylol. 

■").  Damviar  solution,  made  by  dissolving  dammar  resin  in  xylol.  The  solution 
is  filtered  through  paper  wetted  with  chlorofo]-m.  This  is  used  for  the  same 
purpose  as  xylol  balsam  and  has  the  advantage  of  remaining  colourless,  whereas 
Canada  balsam  becomes  yellow  with  keeping. 

6.  Acetate  of  potassium,  a  nearly  saturated  solution.  This  is  the  best  medium 
for  osmic  preparations  and  is  also  used  for  iodine-stained  preparations,  to  show 
glycogen  within  cells.     The  cover-glass  is  fixed  by  soluble  glass  or  by  gold  size. 

General  methods  of  preserving  and  hardening  tissues  and  organs. — The 
following  fluids  are  used  :  Alcohol  (7.5  per  cent,  to  absolute)  ;  acetone  ;  Carnoy's 
fluid  (absolute  alcohol  60  c.c,  chloroform  30  c.c,  glacial  acetic  acid  10  c.c.) ;  formol 
(diluted  with  from  9  to  99  parts  of  water)  ;  corrosive  sublimate  (saturated  solution 
in  normal  .salt  solution)  ;  chromic  acid  solution  (]  in  200  to  1  in  .500,  to  which 
glacial  acetic  acid  may  advantageously  be  added  in  the  proportion  of  2  parts  acetic 
acid  to  1000  chromic  solution) ;  picric  acid  solution  (saturated)  either  alone  or 
containing  i  parts  of  nitric  or  sulphuric  acid  to  1000,  or  mixed  with  an  equal 
volume  of  10  per  cent,  formol  ;  Mann's  fluid  (a  mixture  of  equal  parts  of  saturated 
aqueous  solutions  of  mercuric  chloride  and  picric  acid  ;  to  this  mixture  formol 
may  be  added  to  the  extent  of  5  per  cent.)  ;  osmic  acid  solution  (1  to  i  per  cent.)  ; 
bichromate  of  potassium  solution  (3  per  cent.),  to  which  glacial  acetic  acid  may 

^  For  fuller  details  than  can  be  here  given  of  the  methods  used  in  Histology,  the 
reader  is  referred  to  the  Enzyklopmdie  der  mikr.  Terhnik,  1908,  edited  by  R.  Krause. 
An  excellent  account  of  the  methods  sfnd  theory  of  fixation  and  staining  is  contained 
in  Mann's  Physiological  Hiitology,  Oxford,  1902. 
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advantageously  be  added  to  the  extent  of  5  per  cent.  (Tellyesniczky),  or  formol  to 
the  extent  of  10  per  cent,  (the  latter  especially  for  the  central  nervous  system) ; 
Muller's  fluid  (bichromate  of  potassium  2^  parts,  sulphate  of  soda  1  part,  water  100 
parts) ;  Zenker's  fluid  (this  is  Miiller's  fluid  containing  5  parts  per  cent,  of  mercuric 
chloride,  to  which  5  c.c.  of  acetic  acid  is  added  at  the  time  of  using  :  King,sbury 
recommends  the  addition  of  10  parts  formol  and  4  parts  copper  sulphate)  ;  and 
solutions  of  bichromate  of  potassium  and  osmic  acid  in  varying  proportions.  Thus 
Altmann's  fluid  (for  displaying  cell-granules)  consists  of  a  mixture  of  equal  pait.s 
of  2'5  per  cent,  bichromate  of  potassium  solution  and  2  per  cent,  osmic  acid. 

It  is  best,  if  possible,  to  inject  the  fixing  fluid  into  the  blood-vessels  after 
washing  them  out  with  warm  Ringer  ;  if  this  is  not  possible,  very  small  pieces  of 
tissue  should  be  taken,  and  always  a  considerable  amount  of  the  fixing  fluid. 

The  solution  of  most  general  application  is  formol.  This  is  a  40  per  cent, 
solution  of  formaldehyde.  It  should  be  made  up  with  normal  saline  instead  of 
water  (Mann)  in  the  proportion  of  10  parts  formol  to  90  saline  ;  it  penetrates 
readily  and  hardens  quickly.  The  tissue  should  not  be  left  in  the  formol  more 
than  a  few  days,  but  transferred  to  alcohol.  For  rapid  fixation  a  very  small  piece 
of  the  tissue  is  placed  in  10  per  cent,  formol  and  warmed  to  a  temperature  of 
about  40°  or  50°  ;  it  will  be  sufficiently  fixed  in  half  an  hour  for  sections  to  be 
made  by  the  freezing  method.  Or  the  piece  may  be  transferred  from  the  formol 
solution  first  to  weak  and  then  to  increasing  strengths  of  alcohol,  and  finally  to 
xylol,  so  that  it  is  ready  for  embedding  in  paraffin  in  an  houi'. 

Pure  acetone  is  also  of  utility  for  rapid  fixation  and  hardening.  Small  pieces 
of  the  tissue  are  dropped  into  a  large  amount  of  acetone,  which  not  only  fixes  and 
hardens  but  also  dehydrates,  so  that  the  tissue  can  be  transferred  in  an  hour  or 
so  direct  to  molten  paraffin  for  embedding.  But  better  results  are  got  by  placing 
in  warm  10  per  cent,  formol  for  thirty  minutes,  and  then  transferring  to  acetone. 
Acetone  is  also  useful  for  dehydrating  methylene  blue  stained  preparations  in- 
stead of  alcohol. 

For  preserving  the  structure  of  cells  and  nuclei,  one  of  the  best  fixing  fluids 
is  that  recommended  by  Flemming.  This  consists  of  15  vols,  of  1  per  cent, 
chromic  acid,  4  vols,  of  2  per  cent,  osmic  acid,  and  1  vol.  glacial  acetic  acid.  It 
must  be  quite  freshly  prepared.  It  is  sometimes  diluted  with  from  two  to 
five  times  its  bulk  of  water  before  use.  One  day  is  sufficient  for  fixation 
and  hardening  ;  the  pieces  of  tissue  must  be  very  small.  The  tissue  should  be 
washed  for  several  hours  in  running  water  after  removal  from  the  mixture,  and 
then  placed  in  80  per  cent,  alcohol.  Tissues  fixed  in  any  mixture  containing  osmic 
acid  stain  with  difficulty.  The  best  stains  for  use  in  this  case  are  saffranin, 
gentian  violet,  acid  fuchsin  or  carmalum.  Carney's  fluid  (see  previous  page)  is  in 
many  cases  excellent  for  cell-structure  and  division,  and  very  rapid  in  its  action. 
For  soft  and  delicate  objects  it  is  probably  the  best  fixing  reagent.  It  can 
be  used  with  advantage  for  the  foetal  brain  which  shrinks  in  most  fixatives. 
After  three  hours  or  more  in  Carnoy's  fluid  the  preparation  is  transferred  to 
absolute  alcohol,  and  after  twenty -four  hours  in  this  it  is  ready  for  embedding. 
Zenker's  fluid  is  also  of  great  value  for  exhibiting  the  finer  structure  of  cells. 

Tissues  to  be  hardened  in  alcohol  may  be  placed  at  once  in  absolute  alcohol, 
but  for  some  tissues  it  is  best  to  begin  with  50  per  cent,  alcohol,  and  pass  the  pieces 
through  successive  grades  of  75  per  cent.,  and  95  per  cent.,  into  absolute  alcohol, 
leaving  them  a  few  hours  in  each.  They  are  ready  for  embedding  as  soon  as 
they  are  dehydrated,  but  as  a  rule  they  may  be  left  a  long  time  in  alcohol  without 
deteriorating.  Organs  which  contain  much 'fibrous  tissue,  such  as  the  skin  and 
tendons,  should  not  go  into  stronger  alcohol  than  about  80  per  cent.  ;  otherwise 
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they  become  too  hard  to  cut.  Alcohol  (80  to  90  per  cent.)  is  generally  used  after 
other  fixing  reagents,  partly  to  complete  the  hardening,  partly  on  account  of  its 
dehydrating  property,  but  previous  to  embedding  in  paraffin  all  trace  of  water 
must  be  removed  by  absolute  alcohol.  If  mercuric  chloride  be  used  for  hardening, 
iodine  may  be  added  to  the  alcohols  subsequently  used  (except  the  final  alcohol), 
to  get  rid  of  a  mercurial  precipitate  which  forms  in  the  tissue.  This  object  can, 
however,  be  efiected  by  washing  the  sections  with  a  solution  of  iodine  in  alcohol. 
A  mixture  of  mercuric  chloride  (saturated  solution)  (2  parts)  and  alcohol  (1  part) 
is  sometimes  used  ;  it  requires  about  two  days  to  harden  a  tissue.  Mercuric 
chloride  is  one  of  the  best  fixatives  for  obtaining  the  full  value  of  dyes,  but  it  is 
slow  in  penetration  and  difficult  to  wash  out  the  excess  of  the  salt.  The  pieces 
taken  must  always  be  very  small,  and  must  be  washed  at  least  twenty-four  hours 
in  running  water  and  then  kept  in  a'  large  quantity  of  80  per  cent,  alcohol.  The 
washing  with  running  water  is  useful  after  most  fixatives. 

Many  tissues  are  instantly  fixed  by  being  plunged  for  a  minute  into  boiling 
water  and  then  placed  in  alcohol  ;  this  is  not,  however,  a  good  method  for  glands. 

For  tissues  that  are  to  be  hardened  in  chromic  acid  an  immersion  of  from 
seven  to  fourteen  days  is  generally  necessary  ;  they  may  then,  after  washing  for 
some  hours  or  days  in  running  water,  be  placed  in  alcohol  for  preservation  and  to 
complete  the  process  of  hardening.     The  alcohol  should  be  changed  once  or  twice. 

Organs  placed  in  bichromate  of  potassium  or  Miiller's  fluid  are  ready  for 
section  in  a  fortnight  or  three  weeks  ;  they  may,  however,  be  left  a  longer  time  in 
those  fluids  without  deterioration. 

With  picric  acid  the  hardening  process  is  generally  complete  in  two  days  ;  the 
organs  may  then  be  transferred  to  alcohol,  which  must  be  frequently  changed. 

The  hardening  of  the  brain  and  spinal  cord  in  Miiller's  fluid  takes  from  three 
weeks  to  as  many  months.  It  is  hastened  by  warmth,  and  by  the  addition  of 
acetic  acid  to  the  fluid. 

Tissues  containing  calcareous  matter,  e.g.  bone  and  tooth,  may  be  rapidly 
decalcified  in  a  solution  made  by  dissolving,  with  |iie  aid  of  heat,  1  gm.  phloro- 
glucin  in  10  c.c.  nitric  acid,  and  filling  up  to  100  o.c.  with  water,  to  which  more 
nitric  acid  may  be  added  if  desired.  Another  rapid  decalcifying  fluid  is  com- 
mercial sulphurous  acid  solution.  If  it  is  desired  to  preserve  the  soft  parts  within 
the  bone,  it  should  first  be  placed  for  a  few  hours  in  10  per  cent,  formol.  For 
decalcifying  more  slowly,  a  1  to  5  per  cent,  solution  of  nitric  acid  in  water  or 
alcohol,  a  saturated  solution  of  picric  acid  containing  a  superabundance  of  crystals, 
or  a  1  per  cent,  solution  of  chromic  acid  may  be  employed.  After  decalcification 
the  tissue  must  always  be  washed  in  running  water  for  at  least  twenty-four  hours. 

Embedding  of  hardened  tissues,  and  preparation  of  sections. — Sections  are 
most  advantageously  made  with  some  form  of  microtome.  It  is  generally  needful 
to  support  the  hardened  tissue  whilst  it  is  being  cut ;  with  this  object  it  is 
embedded  in  some  substance  which  is  applied  to  it  in  the  fluid  condition  and 
becomes  solid  on  standing.  The  embedding  substance  can  either  simply  enclose 
the  tissue,  or  the  tissue  may  be  soaked  in  it ;  the  latter  method  is  the  one 
commonly  employed. 

The  embedding  substance  chiefly  used  is  paraffin  of  about  50°  C.  melting  point. 
The  precise  tempera,ture  depends  upon  that  of  the  atmosphere.  In  summer  and  in 
hot  climates  a  paraffin  of  higher  melting  point  may  be  required. 

Embedding  inparaffl/n. — Before  being  soaked  in  melted  paraffin,  the  piece  of 
tissue  may  be  stained  in  bulk  (see  p.  545)  ;  it  is  then  dehydrated  by  a  series  of 
alcohols  (50  per  cent.,  75  per  cent.,  95  per  cent.),  finishing  up  with  absolute 
alcohol ;   after  which  it  is  soaked  in  cedar-wood  oil,  xylol,  or  chloroform.    If 
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chloroform  is  employed  the  piece  of  tissue  can  be  left  overnight  in  a  saturated 
solution  of  paraffin  in  chloroform.  This  is  especially  advantageous  for  delicate 
objects.  The  prepared  piece  is  now  transferred  to  molten  JDaraffin,  which  should 
not  be  too  hot  but  kept  only  just  molten  :  it  is  soaked  in  this  for  from  one  to 
.several  hours,  according  to  thickness.  When  thoroughly  impregnated  with  the 
paraffin  the  object  is  placed  in  a  paper  mould  or  a  glass  which  has  been  smeared  with 
glycerine,  and  partly  filled  with  the  molten  paraffin  :  more  of  this  is  then  poured  in, 
and  the  whole  allowed  to  cool  quickly.  A  square  block  of  the  paraffin  containing 
the  tissue  is  then  cut  out  and  fixed  in  the  desired  position  on  the  microtome,  thin 
sections  are  made  and  fixed  to  a  slide  (see  below),  the  paraffin  dissolved  out  by 
xylol,  and  the  sections  mounted  in  dammar. 

If  it  be  desired  to  cut  a  riband  of  successive  sections,  and  the  paraffin  used 
prove  too  hard  for  them  to  stick  to  one  another  at  the  edges,  a  paraffin  of  lower 
melting  point  (40°  C.)  is  smeared  over  the  opposite  -sides  of  the  block  ;  the 
sections  then  adhere  togethei'  as  they  are  out. 

Preparation  of  frozen  sections. — The  bichromate  solutions  and  formol  are  the 
best  fluids  to  use  for  preserving  tissues  which  are  to  be  frozen  in  place  of  being 
embedded.  If  alcohol  is  employed  for  fixation  it  should  be  thoroughly  washed  out 
with  water.  The  tissue  is  soaked  in  gum-water  before  being  placed  upon  the 
freezing  microtome.  A  thin  syrup  of  either  gum  arable  or  dextrin  may  be  used. 
The  preliminary  soaking  in  gum  is  not  necessary  after  formol. 

Embedding  in  celloidin. — The  piece  to  be  embedded,  which  should  not  be 
thicker  than  2  or  3  mm.,  is  dehydrated  by  absolute  alcohol,  transferred  for  a  few 
hours  to  a  mixture  of  equal  parts  of  absolute  alcohol  and  ether,  and  then  placed 
another  twenty -four  hours  or  more  in  a  solution  of  celloidin  in  alcohol  and  ether 
similar  in  strength  to  ordinary  collodion  ;  finally  it  goes  into  collodion  of  double 
strength.  After  twenty-four  hours  in  this  it  is  removed  and  placed  upon  a  wood  or 
metal  or  vulcanite  holder.  When  the  celloidin  is  set  by  evaporation  of  its  ether  the 
holder  is  plunged  in  alcohol  (80  to  85  per  cent.)  ;  after  a  few  hours,  sections  may  be 
cut  with  a  knife  wetted  with  ^spirit  of  the  same  strength.  The  sections  are  placed 
in  95  per  cent,  alcohol  ;  then  passed  through  cedar- wood  oil  or  bergamot  oil  into 
dammar.  They  must  not  go  into  clove  oil,  nor  into  absolute  alcohol.  The 
advantage  of  the  method  is  that  the  celloidin,  which  is  quite  transparent,  need  not 
be  got  rid  of  in  mounting  the  sections,  and  serves  to  keep  the  parts  of  a  section 
together  ;  it  is  thus  very  usefiil  for  friable  tissues  or  for  large  sections.  The  tissue 
may  either  be  stained  in  bulk  before  embedding,  or  the  sections  may  be  stained. 
They  can  be  attached  to  the  slide,  by  transferring  them  to  it  from  95  per  cent, 
alcohol,  and  then  allowing  ether  vapoui'  to  pour  out  of  a  half  full  bottle  on  to 
their  surface.  They  may  then  be  pressed  down  by  covering  with  filter  or  tissue 
paper,  the  thumb  being  then  passed  firmly  over  the  paper ;  this  fixes  them 
securely  enough  to  allow  of  their  being  treated  by  staining  and  clearing  solutions. 

Microtomes. — A  section -cutting  apparatus  or  microtome  is  essential  for 
histological  work.  Useful  instruments  for  students  are  the  Cathcart  microtome 
for  freezing  and  the  tripod  microtome  for  objects  which  have  been  embedded  in 
paraffin. 

The  tripod  microtome  is  a  simple  and  efficient  little  instrument,  and  has  the 
advantage  of  being  inexpensive.  It  consists  of  a  metal  franje  (fig.  716)  in  which 
a  razor  is  fixed,  provided  with  a  micrometer  screw  by  which  the  height  of  the 
razor-edge  is  adjusted.  The  paraffin  block  containing  the  tissue  is  fixed  by  the 
aid  of  heat  on  a  fiat  piece  of  glass  over  which  the  tripod  slides.  The  razor-edge 
is  lowered  after  each  successive  section. 

In  the  Cathcart  freezing  microtome  (fig.  71 7)  the  tissue,  after  being  soaked  in 
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gum-water,  i«  placed  on  a  metal  plate  aud  frozen  by  playing  an  ether  or  other 
lelrigeratmg  spray  on  the  under  surface  of  the  plate.     The  plate  is  moved  upwards 


Vm.  716. — TKiroD  MicKOTOMJi.     (Birch's  pattern. ) 


FlC.    717. — CaTIICART  rRESZING   MIOBOTOME. 

by  a  finely-cut  screw,  and  the  knife  or  plane  used  to  out  the  sections  is  guided 
over  the  plate  by  passing  over  glass  slips.  In  the  original  Williams'  microtome 
the  freezing  agent  was  ice  and  salt  mixture.     When  using  any  freezing  microtome 
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especially  for  the  nervous  system,  it  is  important  not  to  cut  when  the  tissue  is 
frozen  too  hard,  or  the  sections  will  roll  up  and  break. 

Somewhat  more  expensive  and  complicated,  but  also  more  efficient,  instruments 


Fig.  718. — Rocking  micbotome. 


lid.  719. — MiNoi's  AUTOMAiic  hotary  microtome. 


are  rhe  rocking  microtome  of  the  Cambridge  Scientific  Instrument  Company  (fig. 
718)  and  the  microtomes  designed  by  C.  S.  Minot  and  by  Del^pine  :  the  last  is 
arranged  for  freezing  with  liquid  CO.^.    The  action  of  all  of  these  is  automatic.     For 
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example,  with  the  rocker  microtome  (fig.  718)  every  to-and-fro  movement  of  the 
handle,  h,  not  only  cuts  a  section  of  the  tissue  of  definite  thickness,  but  also  moves 
the  paraffin  block  forwards  in  readiness  for  the  next  section.  And  by  employing  a 
rectangular  block  of  paraffin  of  the  proper  consistency,  a,  long  series  of  sections  of 
the  same  object,  of  equal  thickness,  can  be  obtained  and  made  to  adhere  together 
in  a  riband  (as  shown  in  fig.  718).  The  sections  can  be  kept  in  series  upon  the  slide 
by  the  employment  of  some  adhesive  method  of  mounting  the  riband. 

For  celloidin-embedded  preparations  it  is  necessary  to  cut  the  sections  with  a 
knife  kept  wetted  with  spirit.  For  this  purpose  a  sliding  microtome  (fig.  720),  in 
which  the  knife  or  razor  is  moved  horizontally  over  the  tissue,  with  the  edge 
obliquely  inclined  to  the  direction  of  movement,  is  the  most  useful.  The  best 
arrangement  for  this  purpose,  especially  for  large  sections  of  brain,  is  one  in  which 
the  celloidin-soaked  object  is  immersed  in  spirit  during  the  actual  process  of 
making  the  sections.  It  is  all-important  for  every  kind  of  microtome  that  the 
edge  of  the  knife  or  razor  should  be  in  perfect  order. 

Methods  of  mounting  in  xylol  balsam  or  dammar.— Individual  paraffin-cut 
sections  or  ribands  of  sections,  such  as  are  out  with  the  rocking  and  other  micro- 


FiG.  720. — Inclined  plane  microtome. 


tomes,  are  fixed  to  a  glass  slide  or  cover-glass — as  a  preliminary  to  being  treated 
with  stains  and  other  fluids — in  the  following  way  :  The  slide  (or  cover-glass),  after 
having  been  carefully  cleaned,  is  smeared  very  thinly  with  fresh  white  of  egg  : 
this  can  be  done  with  the  finger  or  with  a  clean  rag  ;  the  albuminized  slide  is  then 
put<aside  to  dry,  protected  from  dust.  A  dilute  solution  of  agar  jelly  (1  gm.  per  1000 
c.c.  distilled  water)  may  be  used  in  place  of  white  of  egg.  It  is  convenient  to  prepare 
a  large  number  of  slides  at  a  time  in  this  way,  and  to  keep  them  at  hand  in  a 
suitable  receptacle.  When  required  for  use  a  little  water  is  poured  on  to  the  slide 
and  the  riband  of  sections  is  placed  on  the  water,  which  is  then  warmed  on  a  hot 
plate  or  over  a  small  flame  until  the  paraffin  becomes  flattened  out,  without  actually 
melting.  The  water  is  then  drained  off,  the  slide  put  in  a  wai'm  place  for  the 
remainder  of  the  water  to  evaporate  (this  will  take  from  half  an  hour  to  an  hour 
according  to  the  size  of  the  section  and  the  temperature  at  which  it  is  kept),  and 
then  heated  sufficiently  to  melt  the  paraffin.  It  is  next  immersed  in  xylol  to 
remove  the  paraffin,  after  which  the  sections  may,  if  already  stained,  be  mounted 
at  once  in  dammar  ;  if  not  stained,  they  are  treated,  after  xylol,  first  with  absolute 
and  then  with  gradually  lower  grades  of  alcohol,  then  with  water  and  stained, 
and  finally  are  passed  through  water,  alcohol  (in  grades),  clove  oil,  and  xylol,  into 
dammar.  For  many  sections  some  of  the  grades  of  alcohol  can  be  omitted,  but 
it  is  always  well  to  employ  50  per  cent,  alcohol  between  water  and  absolute  alcohol. 
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A  simpler  method,  but  one  which,  in  most  oases,  answers  the  purpose  perfectly 
well,  is  to  place  the  riband  or  the  individual  sections  cut  from  paraffin  on  the 
surface  of  watei'  in  a  basin,  just  sufficiently  waiiii  to  flatten  out  the  paraffin,  but 
not  to  melt  it,  then  pass  a  perfectly  clean  slide  under  the  surface  of  the  water  and 
float  the  sections  on  to  it ;  remove,  drain  ofiF  the  water,  and  put  the  slide  and 
sections  aside  for  an  hour  or  more  until  all  the  water  has  evaporated.  The  sections 
are  found  to  have  adhered  firmly  to  the  slide  (they  may,  if  desiied,  be  yet  more 
firmly  fixed  by  drawing  a  brush  moistened  with  solution  of  celloidin  in  oil  of  cIovbh 
over  them).  The  pai'affln  can  now  be  removed  by  washing  the  slide  with  xylol  or 
immersing  it  in  xylol.  If  not  previously  stained  they  can  then  be  passed  throvigh 
alcohols  and  stained  and  mounted  as  just  described.  After  certain  hardening 
solutions  have  been  used  (bichromates  or  osmic  acid)  the  sections  cannot  be  fixed 
by  the  water  method  alone  :  an  albuminized  slide  is  necessary. 

It  is  convenient  to  keep  the  seveiul  solutions  which  ai'e  required  for  I'enioving 
the  paraffin  and  for  staining,  dehydrating,  and  clearing  the  sections  after  they 
are  fixed  to  the  slide,  in  cylindrical  tubes  or  in  grooved  glass  receptacles  in  a 
regular  low  upon  the  working  table,  the  slide  being  transferred  from  one  to  the 
other  in  succession.  Such  a  series  would  be  (1)  xylol  ;  (2)  absolute  alcohol  ;  (3) 
75  per  cent,  alcohol;  (4)  50  per  cent,  alcohol;  (5)  distilled  water;  (6)  staining 
solution  ;  (7)  tap  water  ;  (8)  distilled  water  ;  (9)  50  pei'  cent,  alcohol ;  (10)  75  per 
cent,  alcohol  ;  (11)  absolute  alcohol  ;  (12)  xylol.  The  changes  are  sometimes  effected 
by  pouring  the  solutions  over  the  sections  and  draining  off'. 

The  following  table  shows  the  luethods  to  be  adopted  for  the  treatment  of 
paraffin-cut  sections  or  ribands  of  sections  : — 

1.  Float  on  to  a  slide  or  oover-glass  iu  warm  water  :  the  glass 
may  previously  have  been  smeared  with  egg-while. 

'2.  Drain  off  water  and  allow  to  dry  compleUlij. 

I  •- 

3.  Warm  until  paraffin  is  just  melted. 

I 

4.  Dissolve  paraffin  away  with  xylol. 

If  tissue  is  already  etained  in  bulk.  If  tissue  is  not  already  stained. 


I  ,  I 

5.  Mount  in  dammar.  5.  Absolute  alcohol. 

I 

6.  Descending  grades  of  alcohol. 

I 

7.  Stain. 
For  sections  cut  by  the  frceziinj  | 

or    celloidin    methods,   if    the  8.  Water. 

tissue  has  already  been  stained  | 

in  bulk,  the  sections  need  only  9.  Ascending  grades  of  alcohol. 

be  put  through  Nos.  9  and  | 

10,    and     then    mounted     in  10.  Xylol  (tliismaybe  preceded  by  berga- 

damniar.       If   the   tissue   has  mot  oil). 

not  already  been  stained,  begin  | 

at  No.  6.  11.  Mount  in  dammar. 

Methods  of  staining. — Staining  by  dyes  is  dependent  partly  upon  the 
physical  processes  of  osmosis  and  absorption,  partly  ujpon  chemical  affinities. 
The  theory  of  stains  has  been  treated  of  at  great  length  by  various  authors  :  ^  it 
would  occupy  far  too  much  space  to  deal  with  the  matter  in  this  work.  The 
methods  of  staining  employed  for  teased  preparations  have  been  dealt  with  under  the 

1  The  literature  is  given  in  the  books  mentioned  in  the  footnote  on  p.  537. 
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several  tissues.     We  may  here,  therefoi-e,  confine  our  attention  to  the  staining  of 
sections. 

The  tliiids  most  commonly  employed  foi'  the  staining  of  sections  are  :  (1) 
Solutions  of  hsematoxylin  and  alum  ;  (2)  solutions  of  carmine  with  oi'  without 
alum  ;  (3)  certain  aniline  dyes.  The  time  of  immersion  in  the  staining  fluid 
varies  according  to  the  strength  of  the  fluid  and  the  mode  by  which  the  tissue  has 
been  hardened.  The  necessity  of  staining  sections  may  in  some  cases  be  avoided 
by  staining  the  tissue  in  bulk  before  embedding.  For  this  purpose  a  small  piece  of 
hardened  tissue  well  washed  with  distilled  water  is  placed  for  twenty-four  hours  or 
more  in  a  moderately  diluted  solution  of  hamalum  oi'  of  Ehrlich's  hiematoxylin  ; 
this  may  be  followed  by  two  oi-  three  hours  in  a  1  per  cent,  aqueous  solution  of 
eosin.  The  tissue  is  then  passed  through  alcohol,  which  I'emoves  excess  of  eosin.  It 
may  be  cut  into  sections  by  either  the  parafiin  or  freezing  method.  If  the  latter 
be  employed  the  sections  are  placed  in  tap-water  to  remove  gum,  ai'e  floated  on 
to  a  slide,  and  the  excess  of  water  allowed  to  drain  off.  Alcohol  is  then  dropped 
on  from  a  drop  bottle  and  the  section  is  piessed  flat  with  blotting  or  tissue  pajjer. 
This  fixes  the  section  to  the  slide.  It  is  then  dehydrated  by  absolute  alcohol 
in  the  usual  receptacle,  and  passed  through  clove  oil  or  xylol  into  dammar.  If  the 
tissue  has  not  been  stained  in  bulk  the  sections  are  usually  stained  on  the  slide 
in  the  manner  described  on  p.  .')44.  The  most  useful  method  for  class  purposes  is 
to  immerse  the  slide  on  which  the  sections  are  fixed,  which  has  been  carried 
through  xylol  and  alcohol  into  water,  in  hiematoxylin  solution  for  fifteen  minutes  ; 
after  rinsing  with  water  they  are  counterstained  with  eosin  for  five  minutes,  and 
are  then  carried  through  alcohol  and  xylol  into  daumiar.  Sections  may  be  stained 
whilst  still  infiltrated  with  paraffin  by  floating  them  a,s  they  are  cut  on  to  the 
surface  of  a  staining  solution,  which  is  g,ently  warmed  (but  not  enough  to  melt 
the  paraffin).  Under  these  circumstances  they  require  fai'  longer  exposui'e  to 
the  stain.  The  subsequent  treatment  is  simple,  for  they  need  only  be  tiunsferred 
to  warm  water,  floated  on  to  a  slide  and  allowed  to  dry.  The  paiaflin  is  then 
melted  and  allowed  to  set ;  the  solidified  parafiin  is  dissolved  away  with  xylol, 
and  the  sections  are  mounted  in  dammar. 

The  following  are  some  of  the  principal  staining  solutipus  : — 

1.  Delafield's  haematoxylin. — To  150  c.c.  of  a  saturated  solution  of  potash  alum 
in  water  add  4  c.c.  of  a  saturated  solution  of  hsematoxylin  in  alcohol.  Let  the 
mixture,  stand  eight  days,  then  decant,  and  add  25  c.c.  of  glycerine  and  25  c.c.  of 
methylic  alcohol.     The  solution  must  stand  a  few  days  before  it  is  ready  for  use. 

To  stain  free  sections  add  a  few  drops  of  this  solution  to  a  watch-glassful  of 
distilled  water.  If  overstained  the  excess  of  colour  can  be  removed  by  alcohol 
containing  1  per  cent,  nitric  or  hydrochloric  acid.  With  long  keeping  this  hsema- 
toxylin solution  becomes  reddened  ;  a  trace  of  ammonia  will  restore  the  blue  colpui-. 

2.  Ehrlich's  haematoxi/lin. — Dissolve  2  gm.  hsematoxylin  (or  hasmatein)  in 
100  c.c.  alcohol  ;  add  100  c.c.  water,  100  c.c.  glycerine,  and  10  c.c.  glacial  acetic 
acid :  also  potash  alum  to  saturation.  This  solution  will  keep  almost  in- 
definitely :  it  is  valuable  for  staining  in  bulk,  since  it  does  not  easily  overstain. 
For  sections  the  solution  may  be  diluted  either  with  distilled  water  or  with  a 
solution  containing  one  part  alcohol  to  two  parts  distilled  water.  After,  the 
sections  have  been  stained  they  must  be  thoroughly  washed  with  tap-water. 
This  d&velops  the  blue  colour  of  the  ha;matoxylin. . 

3.  KultschiUky's  hoematoxj/lin.— Dissolve  J  gm.  hiematoxylin  in.  a  Tittle 
alcohol  and  add  to  it  100  c.e.  of  a  2  per  cent,  solution  of  acetic  acid.  This  solution 
is  valuable  for  staining  sections  of  the  nervous  system  (see  Weigert-Pal  process). 

35 
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4.  Hmmalum. — Hsematoxylin-alum  solutions  acquire  their  colouring  properties 
only  as  the  heematoxylin  on  keeping  becomes  converted  into  hsematem.  The  latter 
substance  may,  therefore,  as  recommended  by  Mayer,  be  used  advantageously  in 
place  of  hsematoxylin  if  the  stain  is  required  immediately.  The  following  is  the 
mode  of  preparing  the  solution  :  Dissolve  50  gm.  of  ammonia  alum  in  1  litre  of 
distilled  water,  and  1  gm.  of  heematein  in  100  c.c.  of  rectified  spirit.  Add  the 
hsematein  solution  gradually  to  the  alum.  The  mixture  is  ready  for  staining  at 
once,  either  as  it  is  or  diluted  with  distilled  water.  A  small  piece  of  thymol  oi-  a 
little  carbolic  acid  should  be  added  to  prevent  the  growth  of  moulds. 

5.  E.  Heidenhain's  meihod.  —  After  hardening  in  alcohol,  or  in  saturated 
solution  of  picric  acid  and  then  in  alcohol,  place  the  tissue  from  twelve  to  fourteen 
hours  in  a  0'3  per  cent,  aqueous  solution  of  heematoxylin,  and  then  from  twelve  to 
twenty -four  hours  more  in  a  0'5  per  cent,  solution  of  yellow  chromate  of  potash, 
which  may  be  changed  more  than  once.  Then  wash  in  water,  place  in  alcohol, 
pass  through  xylol,  and  embed  in  parafi&n. 

6.  M.  Heiilenhain's  iron-hoEmatoxylin  method. — Harden  in  sublimate,  or 
Zenker,  or  formol,  followed  by  alcohol ;  fix  sections  to  slide  by  water  method  ; 
treat  with  iodised  alcohol  if  sublimate  has  been  used  ;  transfer  to  2-5  per  cent, 
iron  alum  (sulphate,  or  tartrate,  of  iion  and  ammonia)  and  leave  a  quarter  of  an 
hour  or  longer  ;  rinse  with  distilled  water ;  place  in  0"5  to  1  per  cent,  pure 
heematoxylin  in  water  containing  10  per  cent,  alcohol,  for  a  few  minutes  ;  wash 
with  water  ;  diiferentiate  in  the  iron  and  ammonia  solution  until  nearly  de- 
colorised :  the  sections  must  be  examined  from  time  to  time  with  a  low  power 
after  washing  away  the  iron  alum  with  water.  When  differentiated  wash  for 
fifteen  minutes  in  tap- water  ;  dehydrate  and  mount  in  the  usual  way.  This 
method  is  especially  adapted  for  exhibiting  the  centrosomes  of  cells  and  the 
alterations  of  the  nucleus  in  cell-division.  It  is  also  a  good  general  method  for 
many  tissues. 

Both  the  process  of  mordanting  with  iron  alum  and  the  subsequent  staining 
with  heematoxylin  may  often  with  advantage  be  considerably  prolonged  (up  to 
twelve  hours  or  more). 

7.  Carmalum. — ^This  is  useful  either  for  sections  or  bulk  staining.  If  the 
sections  are  subsequently  passed  through  alcohol  containing  picric  acid  in  solution 
a  double  stain  is  produced. 

Oarminic  acid  1  gm. 

Ammonia  alura  10  gm. 

Distilled  water  200  c.c. 

Boil  together,  allow  to  cool,  and  filter.     Add  1  c.c.  formol  or  carbolic  acid  to  prevent 
the  growth  of  moulds. 

8.  Carminate  of  amfiionia. — Prepared  by  dissolving  carmine  in  ammonia,  and 
allowing  the  excess  of.  ammonia  to  escape  by  slow  evaporation.  The  solution  may 
be  diluted  with  water  as  required. 

9.  Borax-carmine. — Dissolve  4  gm.  borax  and  3  gm.  carmine  in  100  c.c.  of 
water  with  the  aid  of  heat.  Add  100  c.c.  of  70  per  cent,  alcohol,  let  stand  two 
days  or  more  and  filter.  This  solution  improves  on  keeping.  It  is  used  for 
staining  in  bulk.  After  staining  (for  several  days)  the  tissue  is  transferred, 
without  washing,  to  70  per  cent,  alcohol  containing  5  drops  of  hydrochloric  acid 
to  100  c.c.  in  order  to  fix  the  colour.  It  should  remain  in  this  for  two  or  three 
days.     Then  proceed  with  dehydration. 

10.  jPicro-carmiraateo/ a??i??io»M'a.-— This  is  a  double  stain,     o.  Ranvier's  picro- 
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carmine. — To  a  saturated  solution  of  picric  acid  add  a  stiong  solution  of  carmine  in 
ammonia,  until  a  precipitate  begins  to  form.  Evaporate  on  the  water  bath  (or, 
better,  allow  it  to  evaporate  spontaneously)  to  one  half  its  bulk  ;  add  a  little 
carbolic  acid  to  prevent  the  growth  of  moulds ;  filter  from  the  sediment. 
^.  Boume^s  picro-carmine. — "Add  5  c.c.  of  ammonia  to  2  gm.  carmine  in  a  bottle 
capable  of  containing  about  250  c.c.  Stopper,  shake,  and  put  aside  till  next  day. 
Add  slowly,  shaking  the  while,  200  c.c.  of  a  saturated  solution  of  picric  acid  in 
distilled  water.  Put  aside  till  next  day.  Add  slowly,  constantly  stirring,  11  c.c. 
of  5  per  cent,  acetic  acid.  Put  aside  till  next  day.  Filter  ;  to  the  filtrate  add  four 
drops  of  ammonia,  put  back  in  the  stoppered  bottle  "  (Langley). 

11.  Picric  acid. — A  saturated  solution  of  picric  acid  in  rectified  spirit  may  be 
used  as  a  second  stain  after  hfematoxylin  or  carmine.  An  excess  of  picric  acid  is 
dissolved  out  by  rinsing  with  fresh  spirit.  This  form  of  double  stain  is  valuable 
for  exhibiting  keratinised  tissues  and  muscle-fibres. 

12.  Van  Gieson's  stain. — This  is  also  a  double  stain.  It  consists  of  a  saturated 
solution  of  picric  acid  in  water,  with  5  c.c.  of  a  1  per  cent,  aqueous  solution  of  acid 
fuchsin  added  to  each  100  c.c.  It  stains  connective-tissue  fibres  bright  red  ;  muscle- 
fibres  and  epithelium  yellow.  Sections  may  first  be  stained  deeply  with  hsemalum, 
then  placed  in  Van  Gieson's  stain  for  some  minutes,  then  passed  through  75  per 
cent,  alcohol,  absolute  alcohol  and  clove  oil  or  xylol,  and  mounted  in  dammar.  The 
method  is  suitable  for  frozen  and  celloidin  sections.  It  is  valuable  for  the  nervous 
system  :  for  this  it  is  recommended  to  inci'ease  the  proportion  of  the  acid-fuchsin 
solution  to  fifteen  parts  per  cent. 

Aniline  dyes. — These  are  used  either  in  simple  aqueous  solution,  or  in  O'Ol 
per  cent,  solution  of  caustic  potash,  or  in  water  shaken  v\p  with  aniline  oil  ;  it 
is  usual  to  overstain  a  tissue  with  them,  and  subsequently  to  decolorise  with 
absolute  alcohol  containing  i  its  bulk  of  aniline  oil  (from  this  mixture  the  sections 
can  pass  directly  into  xylol)  or  with  alcohol  containing  0"1  to  1  per  cent,  hydro- 
chloric acid  :  this  is  followed  by  absolute  alcohol  and  this  by  xylol.  The  aniline 
colours  most  employed  are  the  "basic"  dyes — methylene  blue,  gentian  violet, 
toluidin  blue,  thionin,  safranin,  and  vesuvin  ;  and  the  "acid"  dyes — eosin, 
erythrosin,  magenta  or  acid  fuchsin,  orange  G.  and  methyl  blue  ;  "  neutral "  dyes 
are  also  used. 

13.  Eosin. — A  1  per  cent,  solution  in  water.  The  sections  are  first  stained 
deeply  with  hsematoxylin  and  rinsed  with  distilled  water.  They  are  then  stained 
with  the  eosin  solution,  passed  through  75  per  cent,  alcohol,  and  then  through 
.strong  spirit — which  is  allowed  to  dissolve  out  some  but  not  all  of  the  eosin 
stain — into  clove  oil  :  they  are  finally  mounted  in  dammar.  Erythrosin  may  be 
used  in  place  of  eosin.  An  alcohol-soluble  eosin  is  employed  in  certain  special 
methods  of  staining. 

Eosin  colours  haemoglobin  of  an  orange-red  colour  ;  so  that  the  blood-corpuscles 
are  well  shown  when  a  fixing  fluid  has  been  employed  which  does  not  remove  the 
hsemoglobin  from  them  (such  as  mercuric  chloride,  bichromate  of  potassium,  and 
formol). 

14.  Methylene  blue  and  eosin. — A  double  stain  is  obtained  by  combining  eosin 
with  methylene  blue  or  toluidin  blue,  the  sections  being  first  stained  for  ten  minutes 
in  1  per  cent,  aqueous  eosin  and  then,  after  rinsing  with  water,  for  twenty 
minutes  in  1  per  cent,  of  the  blue  solution,  after  which  they  are  decolorised  by 
absolute  alcohol  or  absolute  alcohol  and  aniline  oil.  The  decolorisation  is  arrested 
by  xylol. 

15.  Jennet's  stain. — This  is   made   by  dissolving  in   pure  methyl  alcohol   the 
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precipitate  which  is  produced  when  eosin  solution  is  added  to  methylene-blue 
solution.     It  is  valuable  for  blood  films. 

16.  Leuhman's  stain  is  largely  used  for  the  same  purpose.  It  is  made  by 
dissolving  1  part  medicinally  pure  methylene  blue  in  100  parts  On  per  cent, 
sodium  bicarbonate  solution  with  the  aid  of  heat  and  precipitating  by  five  times 
its  bulk  of  a  01  per  cent,  aqueous  solution  of  yellow  water-soluble  eosin.  The 
precipitate  is  collected  on  a  filter,  and  when  dry  is  dissolved  in  methylic  alcohol 
in  the  proportion  of  0"1  gm.  to  60  c.c.  (Wright). 

17.  Mann's  double  stain. — A  good  double  stain  for  sections  is  the  methyl  blue 
eosin  of  (i.  Mann  (see  Methods  of  Physiological  Histology,  p.  216).  To  prepare  this 
take  35  c.c.  of  a  1  per  cent,  solution  of  methyl  blue  in  distilled  water,  and  45  c.c.  of 
a  1  per  cent,  solution  of  eosin  in  distilled  water  :  mix  and  add  100  c.c.  of  distilled 
water.  In  sections  it  stains  connective-tissue  fibres  and  mucus-containing  cells 
deep  blue.  Diluted  ten  times  it  can  be  used  also  for  fresh  tissues.  Mann's 
stain  is  used  in  two  ways,  (a)  Short  method.  Sections  are  simply  placed  in  the 
solution  for  a  few  minutes.  (6)  Long  method.  This  consists  in  staining  the 
sections  (which  should  be  fixed  to  the  slide)  overnight,  rinsing  with  distilled 
water,  dehydrating  in  absolute  alcohol  and  differentiating  in  absolute  alcohol  to 
every  30  c.c.  of  which  5  drops  of  a  saturated  solution  of  caustic  potash  in  absolute 
alcohol  has  been  added.  When  the  sections  have  become  reddish  wash  with  absolute 
alcohol  and  place  in  distilled  water  which  may  be  faintly  acidulated  with  acetic  acid. 

18.  Fuchsin  or  magenta. — A  1  per  cent,  solution  in  50  per  cent,  alcohol  (to  which 
1  drop  of  1  per  cent,  alcohol-solution  of  gentian  or  methyl  violet  may  be  added  per 
cubic  centimeter  just  before  use)  is  an  excellent  stain  for  fresh  connective  tissue.  It 
colours  all  the  elements  of  the  tissue  but  most  intensely  the  elastic  fibres.  Magenta 
may  also  be  used  for  staining  in  bulk,  especially  for  developing  bone  or  tooth  and 
lymph-glands.  The  piece  of  tissue  {e.g.  foetal  limb  or  jaw)  is  left  for  several  days 
in  a  1  per  cent,  solution  of  magenta,  then  dehydrated  in  absolute  alcohol  ;  placed 
for  a  few  hours  in  a  small  quantity  of  clove  oil,  and  finally  transferred  through 
xylol  to  molten  paraffin. 

19.  Acid  fuchsin  or  rubin  S.  is  a,  deri\'ation  of  fuchsin  ;  it  enters  into  the 
composition  of  Van  Gieson's  and  Mallory's  stains.  It  especially  colours  the  white 
fibres  of  connective  tissue,  but  also  brings  out  some  of  the  cell  structures,  especially 
the  centrosomes  and  achromatic  spindles  and  the  nucleoli. 

20.  Mallory's  stain  for  connective  tissue. — The  sections  are  placed  for  three 
minutes  in  acid  fuchsin  (1  per  1000)  ;  then  washed  in  water  and  immersed  for 
.several  minutes  in  phospho-molybdic  acid.  They  are  then  again  thoroughly  washed 
in  water,  and  placed  for  two  minutes  or  more  in  the  following  solution  : — 

Aniline  blue  0  o  g. 

Orange  G.  2  0  g. 

Oxalic  acid  2  0  g. 

Water  -  100  c.c. 

Aftei'  being  stained  with  this  they  are  passed  through  water,  alcohol,  and  xylol 
into  dammar. 

21.  Orcein  is  a  dye  obtained  from  lichens.  It  is  chiefly  useful  foi-  staining 
elastic  fibres  in  sections  of  organs.  For  this  purpose  1  gm.  orcein  is  dissolved  in 
100  c.c.  absolute  alcohol,  containing  1  c.c.  hydrochloric  acid.  The  sections  are 
placed  in  some  of  this  solution  in  a  watch-glass  for  about  an  hour.  They  are 
'dehydrated  in  alcohol,  which  removes  the  excess  of  stain  ;  then  passed  through 
xylol  into  dammar. 

22.  Flemming's  method  for  staining  dividing  nuclei. — The  tissue  is  fixed  in 
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Flemming's  solution  (see  p.  538),  and  small  shreds  or  thin  sections  are  placed  for 
two  days  in  saturated  alcoholic  solution  of  safranin,  mixed  with  an  equal  amount 
of  aniline  water.  They  are  then  washed  with  distilled  water  and  decolorised  in 
aniline  alcohol  or  in  alcohol  containing  1  per  1000  hydrochloric  acid  until  the  colour 
is  washed  out  from  everything  except  the  nuclei.  They  are  then  again  rinsed  in 
water,  and  placed  in  saturated  aqueous  solution  of  gentian  violet  for  two  hours, 
washed  again  in  distilled  water,  decolorised  with  aniline  alcohol  until  only  the 
nuclei  are  left  stained,  then  transferred  to  bergamot  oil  or  xylol,  and  from  this  are 
mounted  in  dammar.  Gentian  violet  and  several  other  basic  aniline  colours  may 
be  employed  in  place  of  safranin  from  the  first.  Delafield's  hsematoxylin  (followed 
by  acid)  and  Ehrlich's  hsematoxylin  also  stain  mitotic  figures  well.  The  iron- 
hsematoxylin  method  is  also  valuable  for  this  purpose,  as  well  as  for  exhibiting 
the  centrosomes  and  the  changes  of  the  achromatic  spindle. 

23.  Staining  with  nitrate  of  silver  (Eecklinghausen). — Wash  the  fresh  tissue 
with  distilled  water  ;  immerse  in  0'5  to  1  per  cent,  nitrate  of  silver  solution  for 
from  one  to  five  minutes  ;  rinse  with  distilled  water  and  expose  until  just  brown 
to  bright  sunlight.  The  tissue,  if  it  is  a  thin  membrane,  may  be  mounted  in 
glycerine.  But  a  better  plan  is  to  spread  it  out  flat  in  water  on  a  slide,  drain  off 
the  water,  allow  the  tissue  to  dry  completely,  and  finally  mount  it  in  dammar. 
This  method  is  used  to  exhibit  endothelium,  and  generally  to  stain  intercellular 
substance.  It  depends  upon  the  fact  that  the  chlorides  of  the  tissues  are  almost 
exclusively  confined  to  the  intercellular  substance. 

Most  of  the  following  methods  are  especially  useful  in  investigations  relating 
to  the  nervous  system  : — 

■2i.  Marchi's  method. — This  method  is  of  value  for  staining  nerve-fibres  in  the 
earlier  stages  of  degeneration,  before  sclerosis  sets  in  (especially  a  few  days  aftei' 
the  establishment  of  a  lesion).  The  degenerated  meduUated  fibi'es  are  stained 
black,  whilst  the  rest  of  the  section  remains  almost  unstained.  In  employing  the 
method  for  the  brain  or  cord  the  organ  is  first  fixed  or  partially  hardened  by 
immersion  for  ten  days  in  Miiller's  fluid  (p.  538).  Thin  pieces  of  the  tissue  are 
then  cut  and  are  placed  singly  in  a  fairly  large  quantity  of  a  mixture  of  Miiller's 
fluid  (2  parts)  and  1  per  cent,  osmic  acid  (1  part).  They  are  left  in  this  for  at  least 
a  week  :  if  they  are  large  it  is  necessary  to  change  the  fluid  once  or  twice. 

The  pieces  may  then  be  washed  in  water,  passed  through  grades  of  alcohol  and 
through  xylol  or  bergamot  oil  into  paraffin,  and  the  sections  mounted  at  once — after 
removing  the  paraifin  with  xylol — in  dammar.  It  is  possible  to  stain  sections  by 
Marchi,  but  the  process  is  complicated  and  somewhat  uncertain.^ 

25.  Weigert-Pal  method. — This  method  is  chiefly  used  for  the  central  nervous 
system.  By  it  all  medullated  nerve-fibres  are  stained  dark,  while  grey  matter  and 
sclerosed  tracts  of  white  matter  are  left  uncoloured.  The  following  modification 
of  the  original  method  is  recommended  :  Pieces  which  have  been  hardened  in 
Miiller's  fluid  and  afterwards  kept  a  short  time  in  alcohol  (without  washing  in 
water)  are  embedded  in  celloidin,  and  sections  are  cut  as  thin  as  possible.  Or 
sections  may  be  made  by  the  freezing  method  direct  from  Miiller's  fluid,  if  the 
pieces  of  tissue  to  be  cut  are  first  soaked  in  gum- water  for  a  few  hours.  In  either 
case  the  sections  are  placed  in  water,  and  from  this  are  transferred  to  Marchi's 
fluid  (see  ab6ve,  §  24),  in  which  they  are  left  overnight.  They  are  then  again 
washed  in  water  and  transferred  to  Kulschitzky's  heematoxylin  (see  p.  545,  §  3). 
In  this  they  are  also  left  overnight,  by  which  time  they  will  be  completely  black. 

J  See  Hamilton,  Brain,  1897,  p.  180. 
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After  again  washing  in  water  they  are  ready  to  be  bleached.  This  ia  accomplished 
by  Pal's  method  as  follows  :  Place  the  overstained  sections,  first  in  0'25  per 
cent,  solution  of  potassium  permanganate  for  five  minutes  (or  for  a  longer  time 
in'  a  weaker  solution)  ;  rinse  with  water ;  transfer  to  the  following  bleaching 
solution,  viz.  sulphite  of  soda  1  gm.,  oxalic  acid  1  gm.,  distilled  water  200  c.c.' 
The  stain  is  usually  sufficiently  differentiated  in  a  few  minutes  ;  but  the  sections  can 
be  left  longer  in  the  bleaching  solution  without  detriment.  If  after  half  an  hour 
they  are  not  differentiated  enough,  they  must  be  put  again  (after  washing)  into 
the  permanganate  for  some  minutes,  and  then  again  into  the  bleaching  solution. 
After  differentiation  they  are  passed  through  water,  grades  of  alcohol  (with  or 
without  eosin),  and  oil  of  bergamot  (or  xylol),  to  be  mounted  in  dammar.  The 
advantages  which  this  modification  has  over  the  original  method  are  (1)  even  the 
finest  medullated  fibres  are  brought  to  view  with  great  surety  ;  (2)  the  staining  of 
the  fibres  is  jet  black,  and  offers  a  strong  contrast  to  the  colourless  grey  matter  ; 
(3)  the  sections  are  easily  seen  and  lifted  out  of  the  acid  haematoxylin,  which  has 
very  little  colour  ;  (4)  it  is  difficult  to  overbleach  the  sections  ;  (5)  the  stain  is 
remarkably  permanent. 

As  an  improvement  on  the  above,  Bolton  recommends  to  hai'den  with  formol, 
place  the  sections  for  a  few  minutes  in  1  per  cent,  osmic  acid,  stain  for  two  hours 
in  Kulschitzky's  hsematoxylin  at  40°  C,  and  then  proceed  with  the  bleaching 
process. 

26.  Staining  with  chloride  of  gold. — a.  Cofmheim's  method. — Place  the  fresh 
tissue  for  from  thirty  to  sixty  minutes  (according  to  thickness)  in  a  0'5  per  cent, 
solution  of  chloride  of  gold  ;  then  wash  and  transfer  to  a  large  quantity  of  water 
faintly  acidulated  with  acetic  acid.  Keep  for  two  or  three  days  in  the  light  in  a 
warm  place.  This  answers  very  well  for  the  cornea.  If  it  be  principally  desired 
to  stain  the  nerve-fibrils  within  the  epithelium,  the  cornea  may  be  transferred 
after  twenty-four  hours  (the  outlines  of  the  larger  nerves  should  be  just  apparent 
to  the  naked  eye)  to  a  mixture  of  glycerine  (1  part)  and  water  (2  parts),  and  left 
in  this  for  twenty-four  hours  more  (Klein). 

/3.  Lowit's  method. — Place  small  pieces  of  the  fresh  tissue  in  a  mixture  of 
1  part  of  formic  acid  to  2  to  4  parts  of  water  for  one-half  to  one  minute  ;  then 
in  1  per  cent,  chloride  of  gold  solution  for  ten  to  fifteen  minutes  ;  then  back 
again  into  the  formic  acid  mixture  for  twenty-four  hours,  and  into  pure  formic 
acid  for  twenty-four  hours  more.  After  removal  from  the  gold,  and  whilst  in 
the  acid,  the  tissue  must  be  kept  in  the  dark.  This  method  is  especially  good  for 
motor  nerve-endings  in  skeletal  muscle. 

7.  Ranviei^s  method. — Immerse  in  lemon-juice  for  five  to  ten  minutes,  then 
wash  with  water  and  place  in  1  per  cent,  gold-chloride  solution  for  twenty 
minutes.     Then  treat  either  as  in  Cohnheim's  or  as  in  LSwit's  method. 

27.  Golgi's  chromate  of  silver  methods. — These  are  chiefly  employed  for  in- 
vestigating the  relations  of  cells  and  fibres  in  the  central  nervous  system.  Two 
methods  are  mostly  used,  as  follows  : — 

a.  Very  small  pieces  of  the  tissue,  which  has  been  hardened  for  some  weeks 
in  3  per  cent,  bichromate  of  potassium  or  Miiller's  fluid,  are  placed  for  half  an 
hour  in  the  dark  in  0'75  per  cent,  nitrate  of  silver  solution,  and  are  then  trans- 
ferred for  twenty-four  hours  or  more  to  a  fresh  quantity  of  the  same  solution 
(to  which  a  trace  of  formic  acid  may  be  added).  They  may  then 'be  placed  in 
96  per  cent,  alcohol  (half  an  hour),  and  sections,  which  need  not  be  thin,  are  cut 
from  celloidin  with  a  microtome  or  with  the  free  hand  after  embedding  (but 

^  Diluted  sulphurous  acid  solution  may  be  employed  to  bleach  the  sections  instead  of 
this  solution. 
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not  soaking)  with  paraffin.  The  sections  should  be  placed  in  dammar  on  a  cover- 
glass  and  the  dammar  allowed  to  dry  in  a  uniform  layer.  The-  glass  is  inverted 
over  a  thin  glass  ring  and  fixed  to  a  slide  with  the  surface  of  the-  dammar  de- 
pendent and  exposed  to  air.  Golgi  stained  preparations  must  not  be  mounted 
and  covered  in  the  usual  way. 

/3.  Instead  of  being  slowly  hardened  in  bichromate,  the  tissue  is  placed  at 
once  in  very  small  pieces  in  a  mixture  of  bichromate  and  osmic  acid  (3  parts 
of  3  per  cent,  bichromate  of  potassium  or  of  Muller's  fluid  to  1  of  osmic  acid). 
In  this  it  remains  from  one  to  eight  days,  a  piece  being  transferred  each  day 
to  0'75  per  cent,  silver  nitrate.  The  subsequent  procedure  is  the  same  as 
described  under  <i.  Tor  some  organs  it  is  found  advantageous  to  repeat  the 
process,  replacing  them  for  a  day  or  two.  in  the  osmic-bichromate  mixture  after 
silver  nitrate  and  then  putting  them  back  into  silver  nitrate  .(Cajal's  double 
method).  This  method  is  not.  only  more  rapid  than  that  in  which  bichromate 
of  potassium  alone  is  used,  but  is  more  sure  in  its  results.  A  modification  which 
is  recommended  by  Kopsch  is  the  substitution  for  the  osmium-bichromate  mixture 
of  a  mixture  of  1  part  formol  and  4  parts  bichromate  of  potassium  solution 
(3-5  per  cent.).  After  three  days  the  pieces  are  transferred  to  pure  3'5  per  cent, 
bichromate  solution  ;  they  are  left  in  this  for  from  one  to  six  days  and  thence 
removed  to  the  silver  solution. 

A  combination  of  the  methods  under  o  and  §  is  often  found  advantageous. 
To  employ  this  a  number  of  very  small  pieces  of  the  tissue  are  placed  in  3  per 
cent,  bichromate  of  potassium  as  in  the  slow  method.  Of  these  one  is  every  day 
transferred  to  osmium-bichromate  solution  and  allowed  to  remain  in  this  for  a 
few  days,  after  which  the  silver  treatment  follows  as  before. 

28.  Gox'i  chromate  of  mercury  method. — This  serves  the  same  purpose  as 
the  Golgi  methods  but  is  not  so  good  for  fine  details.  Mix  20  c.c.  of  5  per  cent, 
corrosive  sublimate  solution  with  30-40  c.c.  distilled  water,  and  add  slowly  16  c.c. 
of  5  per  cent,  chromate  of  potassium  solution,  then  further  add  20  c.c.  of  5  per 
cent,  bichromate  of  potassium  solution  to  the  mixture.  Larger  pieces  of  tissue 
may  be  taken  than  for  the  Golgi  methods  ;  they  are  left  for  two  months  or  more. 
Sections  are  cut  by  the  freezing  method  and  passed  through  water  and  successive 
grades  of  alcohol,  and  then  through  clove  oil  into  dammar.  They  may  be  mounted 
with  a  cover-glass  in  the  usual  way,  and  as  the  cells  remain  white  they  show  up 
well  by  reflected  light  and  quite  thick  opaque  sections  can  be  examined.  If  it  is 
desired  to  convert  the  white  impregnation  into  a  black  one,  this  can  be  done  by 
passing  the  sections  through  dilute  ammonia,  but  after  this  they  must  be  mounted 
like  the  Golgi  preparations  without  being  sealed  up. 

29.  Intra  vitam  staining  methods. — (a)  Methylene-blue  method. — This  method 
is  one  of  great  value  for  exhibiting  nerve-terminations,  and  in  some  cases  the 
relations  of  nerve  cells  and  fibres  in  the  central  nervous  system.  For  its  applica- 
tion the  tissue  must  be  living  :  it  is  therefore  best  applied  (Ehrlich)  by  injecting 
a  solution  of  methylene  blue  (1  part  to  100  of  warm  Ringer)  into  a  vein  in  an 
anaesthetised  mammal,  until  the  whole  blood  is  of  a  bluish  colour  ;  or  the  injection 
may  be  made  through  the  vessels  of  the  part  to  be  investigated,  immediately 
after  killing  an  animal.  Fairly  good  results  can  also  be  obtained  by  immersing 
small  pieces  of  freshly  excised  living  tissue  in  a  less  concentrated  solution  (O'l 
per  cent.),  or,  in  the  case  of  the  central  nervous  system,  by  dusting  the  methylene- 

■  blue  powder  over  a  freshly  cut  surface,  allowing  some  time  for  it  to  penetrate 
and  then  treating  it  with  picrate  of  ammonia  and  Bethe's  solution  (see  below). 
In  either  case  the  tissue  should  be  freely  exposed  to  air  ;  the  blue  colour  then 
appears  in  the  nerve-cells  and  axis-cylinders,  even  to  their  finest  ramifications. 


552  THE  ESSENTIALS   OF  HISTOLOGY 

It  does  not,  however,  remain,  but  after  a  time  fades  from  them,  and  other 
tissues  then  become  coloured.  To  fix  the  stain  the  tissue  is  taken  at  the  moment 
that  the  nerve-iibres  are  most  distinctly  seen  and  is  placed  for  an  hour  or  two 
in  saturated  solution  of  picrate  of  ammonia,  after  which  the  preparation  can 
be  mounted  in  glycerine  containing  picrate  of  ammonia.  But  to  allow  of  sections 
being  made  from  it  for  mounting  in  balsam  or  dammar,  it  must,  subsequently 
to  the  treatment  with  picrate  of  ammonia,  be  placed  for  some  hours  in  Bethe's 
fluid,  viz.  : — 

Molybdate  of  ammonia  1  gm. 

Chromic  acid  2  per  cent.  soUition  10  o.  c. 

Distilled  water  10  c.o. 

Hydrochloric  acid  1  drop. 

This  renders  the  colour  insoluble  in  alcohol. 

§.  DogieVs  modification  of  the  methylene  blue  method. — The  fresh  tissue  is 
placed  in  a  capsule  containing  1  per  1000  methylene  blue  and  kept  at  36°  C.  for 
two  hours.  It  is  then  placed  in  6  per  cent,  molybdate  of  ammonia  for  twenty- 
four  hours  ;  washed  during  four  hours  in  distilled  water  ;  dehydrated  with 
alcohol,  and  passed  through  xylol  into  dammar. 

7.  Neutral  red. — ^This  is  really  a  basic  dye  of  a  neutral  tint,  readily  converted 
by  alkalies  to  yellow  and  by  acids  to  red.  It  is  a  relatively  non-poisonous  sub- 
stance and  can  be  used  for  intra  vitam  injection  as  a  concentrated  solution  in 
normal  saline.  It  has  no  specific  affinity  for  neurofibrils  but  it  colours  certain 
cell-granules  intensely.  It  has  been  used  by  Bensley  for  exhibiting  by  its  selective 
stain  the  islets  of  Langerhans  of  the  pancreas. 

S.  Janus  green. — This  is  a  basic  aniline  dye,  readily  soluble  in  water.  It  can 
be  employed  in  very  dilute  solution  (1  to  300,000  normal  saline)  for  injection 
into  the  blood-vessels.  It  has  been  used  by  Ehrlich  for  staining  nerves  intravitally, 
and  by  Michaelis  for  the  granules  of  gland-cells.  Bensley  has  also  employed  it  for 
showing  the  islets  of  Langerhans. 

/.  Bismarch-hrown  or  vesuvin  has  also  been  recommended  for  intra  vitam 
injection.  It  is  used  in  a  0'3  per  cent,  solution  ;  the  tissues  are  subsequently 
fixed  with  02  per  cent,  chromic  acid  or  1  per  cent,  osmic  acid.  According  to 
Galeotti,  Bismarck-brown  can  be  used  for  vital  nerve-coloration  in  place  of 
methylene  blue.     It  is  only  slightly  poisonous. 

30.  NissVs  method  of  atckining  the  chromatic  granules  of  nerve-cells. — This  is  a 
method  of  overstaiuing  with  methylene  blue  and  subsequent  differentiation  with 
alcohol  (see  §  14).  Nissl  recommended  90  per  cent,  alcohol  as  the  hardening  agent, 
but  both  formol  and  corrosive  sublimate  followed  by  alcohol  may  be  equally  well 
employed.  Toluidin  blue  (Mann)  may  be  used  in  place  of  methylene  blue.  The 
sections  can  first  be  stained  with  1  per  cent,  aqueous  solution  of  eosin,  and  then, 
after  rinsing  in  water,  with  1  per  cent,  methylene-blue  solution  :  they  are 
differentiated  in  aniline  alcohol.  The  effect  of  heating  the  solutions  to  about  70°  C. 
is  to  accelerate  and  accentuate  the  staining. 

A  Nissl  stain  may  also  be  obtained  by  placing  thin  pieces  of  the  fixed  and 
hardened  nervous  tissue  in  1  per  cent,  solution  of  thionin  for  several  days  ;  after 
which  the  tissue  is  dehydrated  and  embedded  in  paraffin. 

31.  GajaVs  methods  for  exhibiting  neurofibrils. — a.  A  small  piece  of  the  tissue 
(brain,  spinal  cord,  ganglion,  etc.),  not  more  than  4  mm.  thick,  and  preferably 
from  a  young  or  fcetal  animal,  is  placed  in  50  c.c.  of  rectified  spirit.  After  four  to 
six  hours  in  this,  followed  by  twenty-four  hours  in  absolute  alcohol,  rinse  with 
distilled  water  and  place  in  a  large  quantity  of  r5  per  cent,  solution  of  silver 
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nitrate,  which  is  maintained  at  a  temperature  of  about  35°  C.  After  being  five  or 
six  days  in  this  solution,  tlie  piece  is  removed,  riiised  for  a  few  seconds  in  distilled 
water,  and  transferred  for  twenty-four  hours  to  the  following  solution  : — 

Hydrokinone  (or  pyrogallic  aoirl)  1  to  1  '5  gm. 

Distilled  water  100  o.c. 

Formol  5  to  10  c.  c. 

Rectified  spirit  10  to  15  o.c. 

The  addition  of  rectified  spirit  to  the  above  is  not  indispensable,  but  favours 
penetration.  The  piece  is  then  washed  in  water  for  some  minutes,  transferred  to 
alcohol,  embedded  in  celloidin  or  paraffin,  and  sections  are  prepared  and  mounted 
in  the  ordinary  way. 

/3.  Place  several  small  pieces  of  the  fresh  tissue  direct  in  2  per  cent,  silver 
nitrate  solution  at  35°  C.  in  the  dark  :  a  piece  is  taken  out  on  the  third  and  on 
each  subsequent  day  until  the  eighth.  The  piece  is  rinsed  in  distilled  water  for  a 
minute  or  two  and  then  immersed  in  the  above  developing  solution  for  twenty-four 
hours  :  after  which  proceed  as  before.  The  tissue  should  be  placed  on  cotton  wool 
in  the  silver  solution.  The  central  parts  of  the  tissue  are  usually  best,  the 
superficial  parts  being  often  too  dark. 

32.  Bielchowshy's  method  for  neurofibrils. — Place  small  pieces  of  tissue  in  12 
per  cent,  formol  for  twenty -four  hours  ;  wash  for  several  hours  in  distilled  water  ; 
cut  sections  by  freezing  method.  Proceed  as  follows  :  Place  the  sections  in  2  per 
cent,  nitrate  of  silver  for  twenty -four  hours;  wash  in  distilled  water  for  a  few 
minutes.  Then  transfer  them  to  the  following  solution,  viz.  :  -2  per  cent,  nitrate  of 
silver  20  c.c,  to  which  three  drops  of  a  40  per  cent,  solution  of  caustic  potash  are 
added,  and  enough  ammonia  to  cause  the  disappearance  of  the  brown  precipitate 
produced. "  The  sections  may  be  left  in  this  solution  for  some  time.  They  are 
then  passed  through  distilled  water  and  transferred  to  20  per  cent,  formol 
solution  in  tap  water.  After  twenty-four  hours  in  this  the  sections  can  be  washed 
with  water,  dehydrated  and  mounted  in  dammar,  but  it  is  preferable  first  to 
tone  them  with  chloride  of  gold.  This  is  done  by  placing  the  washed  sections 
in  very  dilute  (0'03  per  cent.)  gold  chloride  solution  acidified  with  acetic  acid. 
They  must  then  be  fixed  with  acid  sodium  hyposulphite  solution,  washed  with 
water,  and  passed  through  alcohol  and  xylol  into  dammar. 


INDEX. 


ACH 

Achromatic  spindle,  8,  9,  18,  19 

Adenoid  tissue,  90 

Adipose  tissue,  80,  87 

Adrenals.     See  suprarenal  capsules 

Air-bubbles,  28 

Ameloblasts,  313 

Amitosis,  11 

Amceba,  3 

Amoeboid  movements,  3,  6,  7,  8,  35,  36, 

37,  45,  57 
Ansa  lentieularis,  468,  472,  494 
Aorta,  210 

Appendix,  vermiform,  354 
Aqueduct,  458 
Arachnoid,  414,  495 
Archoplasm,  9,  397 
Arcuate  fibres,  437,  438,  466 
Areolar  tissue,  80,  81 

cells  of,  83 

fibres  of,  81 

Arrector  pili,  280 

Arteries,  vessels  and  nerves  of,  219 

—  structure  of,  207 

—  variation  in  structure  of,  210 

—  and  veins,  smaller,  structure  of,  214 
Articular  con>usoles,  191 
Association  fibres,  483 

Attraction  sphere,  18,  8,  13 
Auditory  hairs,  527,  534 

—  meatus,  525 

Auerbach,  plexus  of,  339,  343 
Auriculo-ventricular  bundle,  289 
Autonomic  nerves,  152 
Axis-cylinder,  148,  162,  182 
Axon,  157,  182 


Bacteria,  29 
Baillarger,  lines  of,  483 
Basement  membranes,  95 
Basilar  membrane,  S28,  531 
Basket- cells,  475 

Bechterew,  nucleus  of.     See  nucleus 
Bellini,  ducts  of,  372,  374 
Bethe's  fluid,  552 

Bielohowsky'smethod  for  neurofibrils,  553 
Bile-channels,  362 
Bile-ducts,  363 
Bladder,  368 
BUstoderm,  23 
Blood,  30 
Blood-cells,  38 

Blood -corpuscles,     action     of    reagents 
upon,  48,  51 


CAR 

Blood  of  amphibia,  52 

—  coloured,  52,  33,  48      " 

—  colourless,  33,  34,  51 

amoeboid  phenomena  of,  57 

granules  of,  35 

migration  of,  59,  61,  218 

varieties  of,  35,  36 

—  development  of,  41 ,  45,  47 

—  enumeration  of,  32 

—  human,  30 

—  structure  of,  33,  48 
Blood-crystals,  48,  51 
Blood-film,  30 
Blood-islands,  38 

Blood-platelets,  30,  33,  38,  56,  219 
Blood-vessels,  development  of,  42,  220 

—  structure  of,  205,  214 
Bone,  80,  111 

—  development  of,  117,  124 

—  lacunje   and   canaliculi   of,    113,    114, 

116 

—  lamellae  of,  113,  114,  116 

—  marrow  of,  45,  112 
Bowman,  glands  of,  524 

—  membrane  of,  499 

Brain,  432.  See  cerebrum,  cerebellum, 
medulla  oblongata,  mesencephalon, 
pons 

—  divisions  of,  432 

—  membranes  of,  495 
Brain-sand,  261 ' 
Bridging  fibrils,  65,  145,  265 
Bronchi,  297 

Bronchial  tubes,  297 
Bronchioles,  respiratory,  298 
Brownian  movements,  29 
Bruoh,  membrane  of,  505 
Brunuer,  glands  of,  337,  348 
Bundle.     See  tract 
Burdaoh,  tract  of,  420,  436 


Cajal's  methods  for  neurofibrils,  552 
Calleja,  islands  of,  453,  490 
Canaliculi  of  bones,  113 

—  of  nerve-cells,  161 
Capillaries,  216,  218 

—  circulation  in,  218 

—  lymphatic,  224 
Carnoy's  fluid,  537 
Carotid  gland,  251 
Cartilage,  80,  99 

—  articular,  103 
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Cartilage,  oaleified,  103 

—  costal,  105,  108 

—  development  of,  109 

—  embryonic,  110 

—  fibro-,  99,  105,  108 

—  hyaline,  100,  105 

—  ossification  of,  118 

—  parenchymatous,  109 

—  transitional,  103 

—  varieties  of,  99 
Cartilage-bone,  118 
Cartilage-cells,'100 

—  capsules  of,  100 
Cell,  division  of,  11 

amitotic,  11 

reduction,  16 

—  embryonic,  1,  23 

—  membrane  of,  2,  9,  7 

—  nucleus  of,  2,  9,  12 

—  structure  of,  2 
Celloidin  for  embedding,  540 
Cell-plate,  19 
Cell-spaces,  2,  79,  81 
Cement  of  tooth,  304,  311 

—  substance,  2,  62 

Central  canal  of  cord,  415,  417,  437 

—  fovea  of  retina,  516 

—  tendon  of  diaphragm,  214 
Centriole,  8 
Centrosome,  8,  18,  19 
Cerebellum,  473 

—  grey  matter  of,  474 

—  peduncles  of,  478 

superior,  458,  460,  468,  47.S 

—  —  inferior,  478 

middle,  448,  478 

Cerebrum,  473 

—  basal  ganglia  of,  493 

—  cortex  of,  479 

structure  of  different  parts,  485 

—  peduncle  of,  463 
Chemotaxis,  8 
Chondrin-balls,  100 
Choroid  coat  of  eye,  497,  504 
Chromatic  substance,  10 
Chromatolysis,  176 

Chromaffin  or  ohromaphil  cells,  251,  252 
Chromomeres,  11 
Chromosomes,  11,  13,  16,  17 
Cilia,  71,  77 

—  action  of,  71,  77 

theories  regarding,- 77 

Ciliary  muscle,  506 
Circulation,  215,  218 
Clarke,  column  of,  428 
Clasmatocytes,  84 
Claustrum,  482 
Clitoris,  411 
Coccygeal  gland,  251 
Cochlea,  522,  528 

—  canal  of,  527,  529 
Coelom,  229 
Cohnheim,  areas  of,  129 

—  method  of  staining  nerve-endings,  550 


DUS 

Collagen,  83 

Collaterals,  165 

CoUiouli,  464 

Collieulus  nervi  optici,  510 

Colloid  substance,  252,  259 

Colostrum-oorpusoles,  285 

Columella,  528 

Commissural  fibres,  483 

Commissures  of  cerebrum,  anterior,  492 

posterior,  466 

—  of  spinal  cord,  415 
Conjunctiva,  497 

Connective  tissue,  cells  of,  79,  83 

development  of,  97 

fibres  of,  81,  82,  92,  93 

jelly-like,  95 

—  tissues,  1,  80 
Corium,  267 
Cornea,  496,  499 

—  nerve-endings  in,  198,  502 
Corpora  albicantia  s.  mammillaria,  471, 

493 

—  geniculata,  469 

—  quadrigemina,  464 
Corpus  cavernoBum,  381 

—  luteum,  403 

—  spongiosum,  378,  381 

—  striatum,  493 

—  subthalamicum,  471 
Corti,  organ  of,  523,  531 

—  rods  of,  531 
Cotton  fibres,  29 
Cowper,  glands  of,  383 

Cox,  merouric-oliromate  method  of,  551 
Crista  acustica,  527 
Crus  cerebri,  464 
Crusta,  463,  494 

—  petrosa,  307,  311 
Cupula  terminalis,  528 
Cutis  vera,  264,  267 
Cytomitome,  8 
Cyton,  157 
Cytoplasm,  2,  8 


DKOALCirYiNG  fluids,  539 
Deoidua,  409 

Decussation  of  pyramids,  432 
Deiters,  cells  of,  534 

—  nucleus  of,  446,  450 
Delafield's  hajmatoxylin,  545 
Dendrons  or  dendrites,  157,  163,  185 
Dentine,  307,  314 

Descemet,  membrane  of,  500,  501 ,  509 
Dilatator  pupillae,  507 
Division  of  cells,  13 

—  of  nucleus,  13,  16 

—  reduction,  16,  20 

—  of  ovum,  20 
Dobie,  line  of,  130 
Dogiel,  method  of,  552 
Doy^re,  eminence  of,  203 
Dura  mater,  414,  495 
Dust,  29 
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EAR 

Ear,  external  and  middle,  525 

—  internal,  526 
Ebner,  glands  of,  318 

Ehrlioh,  heematoxylin  stain  of,  545 

—  methylene-blue  method  of,  551 
Elastic  tissue,  80,  82,  91,  97,  106 
Eleidin,  265,  267,  272 
Elementary  particles,  33,  38 
Embedding,  methods  of,  539 
Embryonic  cells,  1,  23 
Enamel,  307 

—  formation  of,  313 

—  organ,  314 

End-bulbs,  155,  187,  188,  196 

Endocardium,  28S 

Endomysium,  132 

Endoneurium,  154 

Endoplasm,  6 

Endothelium,  25,  67,  207,  215,  288 

—  lymphatic,  224 

—  serous,  226 
End-plates,  138,  202 
Ependyma,  417,  447 
Epioardium,  286 
Epidermis,  264 
Epididymis,  381,  387 
Epineurium,  153 
Epiphysis  cerebri,  259 
Epithelium,  62 

—  ciliated,  64,  71,  75 

—  classification  of,  64 

—  columnar,  64,  71 

—  germinal,  398 

—  glandular,  64,  67 

—  nerve-endings  in,  197 

—  pavement,  64,  67 

—  protective,  64 

—  respiratory,  299 

—  secreting,  64 

—  stratified,  64 

—  transitional,  64,  66,  380 
Epitriohial  layer,  266 
Eponychium,  272 
Erectile  tissue,  382 
Erythroblasts,  41,  42,  46,  48,  246 
Erythrocytes,   33,   43.     He.t  also  blood- 
corpuscles,  coloured 

Eustachian  tube,  526 
Exoplasra,  6,  98 
Eye,  496,  498 
Eyelids,  496,  497 
Pjye-piece,  26 


Fallopian  tubes,  398,  401,  406 
Fascia  dentata,  490 
Fasciculus  retroflexus,  461,  470 

—  solitarius,  441 

Fat,  87.     See  also  adipose  tis.sue 

—  absorption  of,  350 

—  in  cartilage  cells,  105 
Female  pronucleus,  21 
Fenestrated  membrane,  208 


ULA 

Fibres.     Ste  connective   tissue,   muscle- 
nerve,  etc. 
Fibrin,  30,  38 
Fibro-cartilage,  elastic,  99,  106 

—  white,  99,  108 
Fibrous  tissue,  80,  91,  93 
Fillet.     See  tract  of  fillet 
Fimbria,  490 
Flechsig,  method  of,  420 

—  tract  of,  426,  438 
Flemraing,  iluid  of,  638 

—  germ  centres  of,  233,  239,  241 

—  stainable  bodies  of,  233,  239 

—  method  of  staining  nuclei,  548 
Forel,  decussation  of,  462  (footnote) 
Formatio  reticularis,  418,  437,  438,  446, 

457,  459 
Freezing    method    for    preparation     of 

sections,  540 
Funiculus  cuneatus,  415,  436 

—  gracilis,  415,  436 


Call-bladder,  363 
Ganglia,  157,  168 

—  cells  of,  168 

—  development  of,  185 

—  spinal,  168,  185 

—  sympathetic,  172,  186 
(ianglion  of  cochlea,  443 

—  of  glossopharyngeal,  441 

—  of  habenula,  464,  470 

—  of  Scarpa,  443 

—  of  vagus,  440 

—  Gasserian,  452 

—  geniculate,  451 

—  interpeduncular,  464 
Gas-chamber,  72 
Genital  corpuscles,  191 
Gennari,  line  of,  483 
Germinal  spot,  401 

—  vesicle,  401 

Giant  cells  of  cerebrum,  480 

of  marrow,  46 

of  spleen,  240 

Gianuzzi,  crescents  of,  326 
V.  Gieson's  stain,  547 
Gland  or  glands 
—  agminated,  242,  348 

—  anal,  354 

—  of  Bowman,  524 

—  of  BruiMer,  348,  337 

—  carotid,  251 

—  ceruminous,  283,  52.5 

—  classification  of,  69 

—  coccygeal,  251 

—  of  Cowper,  383 

—  ductless,  70 

—  of  Ebner,  314,  318 

—  gastric,  332 

—  hajmal,  230,  234 

—  internally  secreting,  70 

—  lacrimal,  498 

—  of  Lieberkiihn,  315 
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GLA 

Gland,  or  glands,  of  Littr^,  383 

—  lymph,  222,  230 

—  mammary,  283 

—  Meibomian,  281,  498 

—  Pacchionian,  495 

—  pineal,  248,  259 

—  pituitary,  257,  258 

—  racemose,  69 
— -  saccular,  69 

—  salivary,  321 

—  sebaceous,  270,  280 

—  secreting,  62,  67 

—  serous,  318,  326 

—  solitary,  242,  354 

—  sweat,  270,  281 

—  thymus,  230,  239,  244 

—  tubular,  69 
Glia  cells,  179,  186 
Glisson,  capsule  of,  356 
Glomeruli  of  kidney,  369 
• —  olfactory,  49 1 

GoU,  tract  of,  420,  436 
Glycogen,  in  colourless  blood-corpuscles, 
56 

—  in  liver-cells,  362 
Goblet-cells,  74 

Gold-methods  of  staining  nerve-endings, 

550 
Golgi-Mazzoni  corpuscles,  196 
Golgi,  organs  of,  196 

—  cells  of,  476 

—  methods  of  investigating  the  nervous 

system,  550 

—  reticulum  of,  160 

—  types  of  nerve-cells,  164 
Graafian  follicles,  399 

Grandry,  corpuscles  of,  187,  192,  193 
Granules  of  protoplasm,  5 

—  of  colourless  blood-corpuscles,  31,  35 
Ground-substance,  2,  81,  97,  98,  99,  111 

113,  145 
v.  Gudden,  method  of,  178 
Gullet.     /See  oesophagus 
Gustatory  cells,  320 

—  organs,  316 

—  pore,  320 
Gyrus  dentatus,  490 

—  hippocampi,  490 


Habenula,  470 

Hemacytometer,  32  ' 

Hsemal  glands,  230,  234 

HEematin,  49 

Haematoblasts,  41 

Hasmatoidin,  51 

Hierain,  50 

Hsemoglobin,  48,  50 

Haemolysis,  49 

Hair-cells  of  internal  ear,  527,  533,  534 

Hair-follicle,  structure  of,  272 

Hairs,  29,  270,  272 

■ —  development  of,  277 

—  muscles  of,  280 


LAM 

Hardening  solutions,  537 

Hassal,  concentric  corpuscles  of,  246 

Haversian  canals,  113,  116 

—  fringes,  103 

—  lamellae,  1 14 

—  systems,  1 1 4 
Hayem's  solution,  32 
Heart,  286 

—  muscle  of,  139,  286 

—  nerves  of,  291 

—  valves  of,  290 

—  vessels  of,  291 
Heidenhain's  stain,  546 

He«le,  fenestrated  membrane  of,  208 

—  looped  tubules  of,  370,  373 

—  sheath  of,  156,  192 
Hensen,  line  of,  130 
Hepatic  artery,  356 

—  cells,  360 

—  lobules,  356 

—  veins,  212,  356 

Herbst,  corpuscles  of,  187,  193 
Hippocampus  major,  489,  490 
His,  bundle  of,  290 
Histogenesis,  23 
Histology,  meaning  of  term,  1 
Hyaloid  membrane,  520 
Hyaloplasm,  5,  10 
Hypophysis  cerebri,  257,  258 
Hypothalamus,  471 

Idiozomb,  397 

Intercellular  channels,  65,  140,  265 

—  substance,  2,  80,  81,  97,  98,  99,  111, 

113,  144 
Internal  capsule,  493,  494,  498 
Intestine,  large,  339,  354 

—  small,  339 
Iris,  497,  506 

Jelly  of  Wharton,  97 
Jelly-like  connective  tissue,  95 
Jenner's  stain,  547 

Karyokinesis,  11 
Karyomitome,  10 
Karyoplasm,  10 
Keratinisation,  63 
Kerato-hyaline,  265,  267 
Kidney,  368 

—  blood-vessels  of,  374 

—  development  of,  376 
Krause,  membrane  of,  130,  133 
Kultschitzky's  haematoxylin  stain,  545 
Kupffer,  cells  of,  359 

Labyrinth  of  ear,  526 

—  of  kidney,  370 
Lacrimal  glands,  498 
Lacteals,  344,  349 
Lacunee  of  bone,  113 

—  of  urethra,  383 
Lamellae  of  bone,  113,  114 
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LAM 

Lamina  oribrosa,  499 

—  f usoa,  499 

—  reticularis,  533 

—  suprachoroidea,  505 
Latidolt,  fibre  of,  611 
Langerhans,  islets  of,  364 

—  oentro-aoinar  cells  of,  366 
Lanugo,  278 

Larynx,  294 

Leishman's  stain,  548 

Lens,  497,  520 

Leucocytes,  3U,  34,  47,  51,  57.     See  also 

blood-corpuscles,  colourless 
Lieberkiihn,  orypts  of,  345 
Ligamentum  pectinatum,  501 
Ligula,  447 

Limbus  of  cochlea,  530 
Linen  fibres,  29 
Linin,  10 

Lipoid  substances,  2,  7,  33,  49 
Liver,  352,  355 

—  blood-vessels  of,  356 

—  cells  of,  360 

—  ducts  of,  357,  363 

—  iutracellular  canals  of,  360 

—  lobules  of,  356 

—  lymphatics  of,  364 

Lowit,  chloride  of  gold  method  of,  550 
Lung,  293,  297 

—  blood-vessels  of,  299 
— ■  development  of,  302 
-r  lymph-vessels  of,  302 

Luys,  corpus  subthalamioum  of,  471,  472 
Lymph  corpuscles.    /See  blood-corpuscles, 

colourless 
Lymph-glands  or  lymphatic  glands,  222, 

230 

—  —  hasmal,  230,  234 
Lymph-plexuses,  225 
Lymph-vessels  or  lymphatics,  214,  222 
— ■  connexion    with   cells    of    connective 

tissue,  87,  2^25 

—  development  of,  226,  243 

—  nerves  of,  225 
Ljrmphooytes,  35,  36,  45 

Lymphoid  nodules,  230,  231,  241,  316,  354 
Lymphoid  tissue,  80,  90,  231,  243 
— ■  —  development  of,  243 

Macula  acustica,  527 

—  lutea  of  retina,  516 
Male  pronucleus,  21 
Mallory,  stain  of,  548 
Malpighi,  rete  mucosum  of,  264 

—  pyramids  of,  364,  368 
Malpighian  corpuscles  of  kidney,  369 

of  spleen,  237,  243 

Mammary  glands,  283 

Mann's  double  stain,  548 

Marcano's  solution,  32 

Marohi's  method  of  staining  degenerated 

nerve-fibres,  549 
Marrow,  45,  113,  117 
Martinotti,  cells  of,  482 


MUS 

Mast  cells,  84 
Mayer's  stain,  546 
Measuring  objects,  28 
Medulla  oblongata,  432 

nerves  arising  from,  439 

Megakaryocytes,  46 
Meissner,  plexus  of,  339,  344 
Membrana  tectoria,  536 

—  tympani,  o26 
Mesencephalon,  432,  448,  458 
Mesenchyme,  25,  97 
Mesothelium,  67 
Mefcenoephalon,  432 
Methods  of  embedding,  539 

—  of  measuring  microscopic  objects,  26 

—  of  mounting  sections,  537,  543 

—  of  preparing  sections,  540 

—  of  preserving  and  hardening,  537 

—  of  staining,  544 

Meynert,  bundle  of.     (See  tracts 

—  decussation  of,  462 
Micron,  34 
Micrometer,  28 
Microscope,  26 

Microscopic  work,  requisites  for,  26 

Microtomes,  540 

Mid-brain,  432,  458 

Migration  of  colourless  blood-corpusoles. 

59,  218 
Minot,  microtome  of,  542 
Mitochondria,  6,  366,  397 
Mitosis,  11 

—  heterotypical,  16,  20 

—  homotypical,  16,  20 

—  multipolar,  19 

—  somatic,  16 
Moist  chamber,  72 
Mould,  28 

Mounting  fluids,  537,  543 
Mouth,  mucous  membrane  of,  321 
Mucigeu,  74,  325 
Mucous  cells,  328 
Mucus-secreting  cells,  74,  325 
Muller,  fibres  of,  516 

—  helicine  arteries  of,  382 

—  muscle  of,  506 

—  fluid  of,  538 

Muscle,  blood-vessels  and  lymphatics  of, 
137,  138 

—  cardiac,  137,  139 

—  changes  in  contraction,  133,  135 

—  corpuscles,  130 

—  development  of,  138 

—  ending  of,  in  tendon,  137 

—  involuntary  or  plain,  137,  144 

development  of,  145 

of  arteries,  208 

—  nerves  of,  138,  200 

—  nuclei  of,  130,  142 

—  of  insects,  132,  133,  134 

—  in  polarised  light,  134 
Muscle,  principal  disk  of,  134 

—  red,  131 

—  spindles,  127,  138,,  187,  200 
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MUS 

Muscle,    structure    of,    compared    with 

protoplasm,  136 
—  voluntary  or  cross-striated,  127,  128 
Muscle-plate,  138 
Myelenoephalon,  432 
Myelin,  149 
Myelination,  420 
Myelocytes,  45 
Myeloplaxes,46 
Myocardium,  286 


Nails,  270 

—  development  of,  271 
Nerve  or  nerves 

—  abducent,  452 

—  autonomic,  152 

—  chorda  tympani,  451 

—  cochlear,  443,  536 

—  eighth,  443,  527 

—  facial,  450 

—  glossopharyngeal,  441 

—  hypoglossal,  439 

—  motor,  182 

—  optic,  466 

—  spinal  accessory,  440 

—  trigeminal,  436,  452 

—  vagus,  440 

—  vestibular,  445 

—  of  Wrisberg,  450 
Nerve-cells,  156,  157 

—  bipolar,  163 

—  degeneration  of,  174 

—  development  of,  181 

—  multipolar,  163 

—  processes  of,  162 

—  reticulum  of,  160 

—  of  spinal  ganglia,  1 68 

—  of  sympathetic  ganglia,  172 

—  trophospongium  of,  161 

—  types  of,  165 

—  unipolar,  163,  168 
Nerve-fibres,  139 

—  axis  cylinder  of,  148,  150,  162 

—  degeneration  of,  174 

—  development  of,  181 

—  meduUated,  147 

—  medullary  segments  of,  149 

—  motor,  terminations  of,  187,  202 

—  nbn-meduUated,  146,  152 

—  regeneration  of,  176 

—  sensory,    modes    of    termination    of, 

187,  188,  197,  200 

—  size  of,  150 

—  sheaths  of,.147,  155,  186 

—  varieties  of,  147 
Nerve-trunks,  structure  of,  1 58 
Nerve-unit,  165 

Nervi  nervorum,  155 
Neuroblasts,  182 
Neurofibrils,  150,  l.JT,  160,  176 
Neuroglia,  179,  186,  416,  476,  4St 
Neurokeratin,  150 
Neurolemma,  148,  186 


OLI 

Neurone,  157,  165,  469 

—  theory,  168 
Neuro-synapse,  167 

Nissl,  granules  of,  in  nerve-cells,  157 

—  degeneration,  176 

—  method    of    staining    nerve-cells, 

552 
Nuclein,  10 
Nucleolus,  10,  13 
Nucleus  of  cell,  2,  8,  9,  13 
Nucleus  or  nuclei  (nerve) 

—  of  abducens,  452 

—  of  accessory,  437,  440 

—  accessory  auditory,  443 

—  ambiguus,  440 

—  of  Bechterew,  446 

—  oaudatus,  493 

—  of  cochlear  nerve,  443 

—  commissural,  441 

—  cuneatus,  422,  436 
outer,  446 

—  of  Deiters,  446,  450 

—  dentatus,  438,  474 

—  descending,    of    facial,    vagus,     and 

glossopharyngeal,  441 
■ —  descending  vestibular,  445 

—  of  facial,  450 

—  of  fasciculus  teres,  440 

—  of  fillet,  463 

—  of  glossopharyngeal,  437,  441 

—  gracilis, -421,  436 

—  of  hypoglossal,  437,  439,  442 

—  lateral,  434 

—  lenticularis,  493,  494 

—  oculomotor,  459 

—  of  olive,  434,  438,  446 

—  of  pons,  448 

—  of   posterior    or    dorsal    longitudinal 

bundle,  460 

—  preolivary,  449 

—  red,  of  tegmentum,  460 

—  semilunar,  449 

—  of  Stilling,  428,  474 

—  superior  olivary,  444,  449 

—  tecti  (s.  fastigii),  474 

—  of  thalamus,  468 

—  of  trapezium,  448 

—  of  trigeminal,  438,  452 

—  trochlear,.  459 

—  of  vagus,  437,  440 

—  of  vestibular  nerve,  438,  445 


Odontoblasts,  311,  314 
Oesophagus,  322 
Olfactory  bulb,  488,  491 

—  cells,  524 

—  glomeruli,  491 

—  mucous  membrane,  522,  523 

—  nerve-fibres,  492 

—  path,  492 

—  tract,  489,  490 
Olive,  434,  437,  438 

—  superior,  444,  449 
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OME 

Omentum,  214 
Onychogenic  substance,  271 
Oocytes,  401 
Oogenesis,  401 
Opsonins,  60 
Optic  chiasma,  466 

—  nerves,  466 

—  thalamus,  468,  493 

—  tract,  465,  466,  468,  469 
Ora  .serrata,  518 

Ossification,  intraoartilaginous,  118 

—  intramembranous,  118,  124,  126 
Osteoblasts,  117,  119,  126 
Osteoclasts,  121,  315 
Osteogenic  fibres,  124 

Otoliths,  528 
Ovary,'  398 
Ovum,  23,  398,  399 

—  division  of,  20 


Pacinian  corpuscles,  187,  188,  192,  219, 

271,  367,  382 
Pancreas,  356,  364 
Papillse  of  hairs,  272 

—  of  tongue,  316 

—  of  skin,  268 

—  of  kidney,  368 
Paranucleus,  6,  366 
Paraplasm,  6 
Parathyroids,  254 
Pelvis  of  kidney,  368 
Penis,  381 

Perforating  fibres,  114 
Pericardium,  287 
Perineurium,  153 
Periosteum,  114,  116 
Perimysium,  138 

Pes  pedunouli,  463 

Peyer,  patches  of,  22,  348 

Phagocytes,  35,  36,  59,  236,  240,  359 

Pharynx,  321 

Phototaxis,  8 

Pia  mater,  414,  495 

Pick,  bundle  of,  435 

Pigment-cells,  85 

Pigment-granules,  160 

Pineal  gland,  259 

Pinna,  325 

Pituitary  body,  257,  258 

Placenta,  398,"  411 

Plasma-cells,  85 

Pleura,  303 

Polar  bodies,  20 

Pons,  448 

—  nerves  arising  from,  450 
Portal  canal,  356 
Preserving  solutions,  537 
Prickle  cells,  65 
Projection  fibres,  483 
Pronuclei,  21 

Proprio-spinal  fibres  of  cord,  422,  426 
Prostate,  381,  383 
Protoplasm,  2 

36 


SPI 

Pseudonucleoli,  10 
Pseudopodia,  58 
Purkinje,  cells  of,  475 
—  fibres  of,  286,  288 

Pyramids  of  medulla  oblongata,  433,  434, 
448 


Banvier,  gold-chloride  method  of,  550 

—  constrictions  of,  149 

—  pioro-carmine  stain  of,  546 

V.  Recklinghausen,  method  of   staining 

with  silver  nitrate,  549 
Reil,  fillet  of,  444,  456 

—  island  of,  482 
Reissner,  membrane  of,  529 
Remak,  fibres  of,  152 
Bestiform  body,  438,  478 

Reticular  or  retiform  tissues,  79,  88,  356, 

437,  443,  446 
Retina,  497,  509 

—  macula  lutea  of,  516 

—  pars  ciliaris  of,  518 

—  sensory  epithelium  of,  513 
Rhinenoephalon,  488 
Ringer's  solution,  30 
Risien  Russell,  tract  of,  478 
Rolando,  tubercle  of,  436 

RoUett's    method    of    staining    muscle, 

127 
Rouleaux  of  blood-corpuscles,  31,  33,  34, 

49 
Ruffini,  organs  of,  194 

Saccule,  527 

Salivary  corpuscles,  62,  242 

—  glands,  321 

Sarcolemma,  127,  128,  139,  144 
Sarcomeres,  133 
Sarcoplasm,  129 
Sarcostyles,  128,  129 
Sarcous  elements,  128,  133 
Schwann,  sheath  of,  148 
Sclerotic  coat  of  eye,  498 
Sections,  preparation  of,  540 
Semicircular  canals,  522,  527 
Seminiferous  tubules,  392 
Serous  membranes,  214,  222,  226 
Sertoli,  cells  of,  393 
Sharpey,  fibres  of,  114 

Siliqua  olivse,  438 
Silver-methods,  550,  553 
Sinusoids,  207,  218,  221,  25),  357 
Skin,  262 

Spermatogenesis,  395 
Spermatozoa,  380,  391 
Sphincter  ani,  internal,  354 

—  pupillaj,  507 

Spinal  bulb.     (See  medulla  oblongata 
Spinal  cord,  414 

blood-vessels  of,  417 

cell  columns  of,  428 

central  canal  of,  415,  417,  437 
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Spinal  cord,  oharaoters  in  different  parts, 

418 

oommiaaures  of,  415 

connexion     of     nerve-roots    with, 

415,  430 

cornua  of,  415,  428,433 

grey  matter  of,  415,  417,  428 

membranes  of,  414 

nerve-cells  of,  420,  428 

proprio-spinal  fibres  of,  422,  426 

tracts  in,  420 

white  columns  of,  415,  420,  435 

Spinal  ganglia,  168 

Spindle,  achromatic,  8,  18,  19 

Spleen,  236 

Splenic  cells,  59,  240 

—  lobules,  240 
Spongioblasts,  179,  186 
Spongioplasm,  6,  7 
Staining  of  sections,  544 
Stanley  Kent,  bundle  of,  289 
Starch  granules,  28 
Stilling,  nucleus  of,  428,  474 
Stomach,  331 

—  blood-vessels  of,  337 

—  glands  of,  332 

—  lymphatics  of,  338 
Stomata,  214,  228 
Stria  mediillaris,  470 

—  vascularis,  535 

Stroma  (of  blood-corpuscle),  33,  48,  49 
Substantia  gelatinosa,  416,  452 

—  nigra,  464 
Subthalaraus,  471 
Suprarenal  capsules,  248 
Sweat  glands,  270,  281 
Sj'mpathetic  ganglia,  172 

—  nerves,  152 
Synapse,  17,  165,  167 
Syncytium,  2,  142,  145,  220,  369 
Synovial  membranes,  99,  103 


Tactilk  corpuscles,  188 

—  disks,  192,  200 
Taenia,  447 
Taste-buds,  318 
Teeth,  304 

—  development  of,  31 1 

—  pulp  of,  310 
Tegmentum,  457,  459,  471 
Telencephalon,  433 
Tendon,  94 

—  connexion  witli  muscle,  137 

—  nerve-endings  in,  196 
Tendon  cells,  93 
Testicle,  381,  387 

—  intertubular  tissue  of,  389 
Tetrads,  16 

Thalamencephalon,  433,  448,  468 
Thalamus,  468,  493 
Thermotaxis,  8 
Thrombocytes,  38,  52 
Thymus  gland,  230,  244 
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Thyroid  body,  248,  252 
Tissues,  enumeration  of,  1 

—  formation  from  blastodermic  layers, 

23 
Tongue,  316 
Tonsils,  230,  236,  241 
Tooth.     See.  teeth 
Trachea,  293 
Tract  or  tracts,  methods  of  studying, 

420 
Tract  or  tracts  or  bundle 

—  anterior   (ventral)   longitudinal.     Se,t 

tectospinal  tract 

—  anterolateral  ascending.     iSee  tract  of 

Gowers 

—  descending.     See  tract  of  Loewenthal 

—  ascending,  420,  421,  422,  426,  456 

—  bulbo-thalamic.     See  tract  of  fillet 

—  of  Burdach,  420,  436 

—  central  of  acoustic,  462 

of  cranial  nerves,  457,  468,  470 

of  tegmentum,  438,  454 

—  cerebello-bulbar,  442 

—  comma,  422 

—  of  cord,  420 

—  cortico-bulbar,  453,  457 

—  cortico-pontine,  448,  464 

—  corticospinal.     See  pyramid  tract 

—  crossed  pyramidal.     /See  pyramid  tract 

—  descending,   420,  422,  424,   425,  453, 

4C4,  466 

—  descending  cerebellar,  424 

—  direct  pyramid.     See  pyramid  tract 

—  myelination  of,  420 

—  of  Burdaoh,  420,  436 

—  of  fillet,  437,  438,  444,  462,  468 

—  of  Flechsig,  426,  428 

—  of  Goll,  420,  436 

—  of  Gowers,  426,  438,  458 

—  of  Gudden,  462  (footnote),  471. 

—  of  Helweg,  426 

—  of  Lissauer,  426 

—  of  Loewenthal,  424,  446 
--  of  Marie,  428 

—  of  Meynert,  461,  464,  466,  470 

—  of  Monakow,  424,  454,  461 

—  of  Miinser,  461 

—  of  Pick,  435 

—  olfactory,  489,  490 

—  olivocerebellar,  439 

—  olivo-spinal.     See  tract  of  Helweg 

—  optic,  465,  466,  468,  469 

—  ponto-spinal,  424,  454 

—  posterior   (dorsal)   longitudinal,   424, 

438,  446,  450,  453,  460 

—  prepyramidal.     See  tract  of  Monakow 

—  pyramid,  422,  433,  434,  448,  453,  463, 

499 

—  of  Risien  Russell,  478 

—  rubro-spinal.     See  tract  of  Monakow 

—  spino-cerebellar,  426,  438,  458,  478 

—  spino-tectal,  426 

—  spino-thalamio,  426,  468 

—  sulco-niarginal,  428 


INDEX 


563 


TRA 

Tract  or  tracts  or  bundle 

—  tecto-spinal,  424,  438,  454,  461,  466 
^iT  thalamo-bulbar,  457 

—  thalamo-olivary,  438,  456 

—  transverse  peduncular,  467 

—  ventral  longitudinal.     See  tecto-spinal 

tract 

—  veatibulo-motor.      See    posterior    or 

dorsal  longitudinal  tract 

—  vestibulo-spinal,  454,  456 

—  of  Vicq  d'Azyr,  471 
Trapezium,  444,  449 
Trophoapongium,  5,  161 
Tubercle  of  Rolando,  481,  436 
Tuberculura  acustiouni,  443 

—  olfactorium,  490  • 
Tympanum,  425 


Ureter,  368 
Urethra,  381,  382 
Urinary  bladder,  368 
Uriniferoua  tnbules,  369,  374,  37 
Uterus,  398,  406 
Utricle,  527 


Vagina,  411 
Vas  deferens,  387 
Vasa  vasorum,  219 
Vasoformative  cells,  43,  220 
Veins,  structure  of,  205,  211,  214 


ZVM 

Veins,  valves  of,  212 

—  variations  in,  212,  215 
Ventricle,  fourth,  437,  446,  457 
Vermiform  appendix,  364 
Vesioulse  seminales,  389 
Villi,  arachnoidal,  495 

—  fcetal,  411 

—  of  intestine,  348 

—  of  synovial  membrane,  103 
Vitellus,  401 

Vitreous  humour,  520 
Volkmann,  canals  of ,  114 


Wallerian  degeneration,  174,  420 

Wander  cells,  85 

Warming  apparatus,  57 

Weigert-Pal  method  for  staining  sections 

of  the  nervous  system,  549 
Wharton,  jejly  of,  97 
Williams,  microtome  of,  541 
Woollen  fibres,  29 
Wrisberg,  nerve  of,  450,  451 


Veast,  28 


Zenker,  fluid  of,  538 
Zinn,  zonule  of,  520 
Zymogen,  327 
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